
I 

N A S A  C O N T R A C T O R  
R E P O R T  

PERIPHERAL VISION DISPLAYS 

PHASE I1 REPORT 

by Leroy L. Vullerie 

Prepared by 
DUNLAP AND ASSOCIATES, INC. 
Darien, Conn. 
for Electronics  Research  Center 

LOAN COPY: RETURN TO 

KIRTLAND AFB, N MEX 
AFWL (WLIL-2) 

N A T I O N A L   A E R O N A U T I C S   A N D   S P A C E   A D M I N I S T R A T I O N  W A S H I N G T O N ,   D .  C .  D E C E M B E R  1968  

I 



TECH LIBRARY KAFB, NY 

UllbClOU5 
NASA CR- 1239 

PERIPHERAL VISION DISPLAYS 

Phase I1 Report 

By Leroy  L. Vallerie 

Distribution of this  report is provided  in  the  interest of 
information  exchange.  Responsibility  for  the  contents 
resides  in  the  author  or  organization  that  prepared  it. 

Issued  by  Originator as Report No.  BSD-68 - 643 

Prepared  under  Contract No. NAS 12-88 by 
DUNLAP AND ASSOCIATES, INC. 

Darien, Conn. 

for Electronics  Research  Center 

NATIONAL AERONAUTICS AND  SPACE ADMINISTRATION 
- 

For sale by the  Clearinghouse for Federal  Scientific and Technical  Information 
Springfield,  Virginia 22151 - CFSTI price $3.00 





ABSTRACT 

A  laboratory  study  was  conducted  to  determine  the  relative 
effectiveness  of  various  concepts  for  the  display  of  information 
in  the  periphery. Two commercially  available  display  systems 
were  investigated  in  conjunction  with  other  concepts  involving 
the  use  of  flicker  to  encode  airspeed  signals  and  differential 
brightness  to  enhance  the  discriminability  of  input  signals. 
Displays  were  designed  to  present  tracking  information  in  three 
control  dimensions;  viz.,  pitch,  roll  and  airspeed.  An  adaptive 
loop  simulator  was  employed  to  evaluate  operator  performance. 
The  results  of  the  study  clearly  indicated  that  effective  con- 
trol  can  be  exercised  using  peripheral  displays  employing 
changes  in  motion  as  the  primary  encoding  stimulus.  A  higher 
level  of  performance  was  achieved  with  one  system  which  contained 
a  single  display  for  presenting  integrated  pitch  and  roll  sig- 
nals.  The  addition  of  airspeed  was  found to degrade  performance 
in  pitch  and  roll  under  all  display  conditions.  Performance 
could  not  be  enhanced  by  means  of  differential  brightness. 
Further  evidence  was  provided  for  the  use  of  motion  as  a  very 
effective  means  for  encoding  displays  designed  for  viewing  in 
the  periphery. 
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PERIPHERAL VISION DISPLAYS 

Phase I1 Report 

By Leroy L. Vallerie 
Dunlap and Associates, Inc. 

INTRODUCTION 

Advances i n   o u r   a e r o s p a c e c r a f t   c a p a b i l i t i e s   h a v e   r e q u i r e d  
man t o  perform  an  increasing number of  complex,  continuous  con- 
t r o l   t a s k s   b a s e d  on v i sua l   i n fo rma t ion   p re sen ted  a t  t h e  cen te r   o f  
h i s   f i e l d   o f   v i e w .  A p o i n t  i s  reached,  however, i n  des igning  
d i s p l a y s   f o r   s u c h  tasks  where i t  becomes both   imprac t ica l   and  
i n e f f i c i e n t   t o   p r e s e n t  a l l  r e l e v a n t   i n f o r m a t i o n   a r t i f i c i a l l y  on 
a s i n g l e  cen t ra l  d i s p l a y ,   o r  t o  supp lemen t   d i r ec t   v i sua l   con tac t  
with  superimposed  symbolic  data,   such  as i s  p r o v i d e d   i n   c e r t a i n  
a i r c r a f t   p r o j e c t i v e  s y s t e m s ;  e .g . ,   "heads-up"   o r  weapon c o n t r o l  
d i s p l a y s .  Many c e n t r a l l y   l o c a t e d   v i s u a l   d i s p l a y s  are a l so .  so 
h e a v i l y   c l u t t e r e d   w i t h   s y m b o l s   t h a t   t h e y   a r e   d i f f i c u l t   t o   i n t e r -  
p re t .   For   these   reasons   and   o thers ,   des igners   have   found it 
necessary t o  provide   addi t iona l   d i sp lays   o f   redundant  o r  supple- 
mentary   in format ion .   These   a l so   have   to   be   v iewed  wi th   cen t ra l  
v i s i o n  so t h a t  man must   switch  his   gaze  rapidly  between them  and 
the  pr imary  information  source.  T ime  r e q u i r e d   t o  move and re- 
focus   t he   eyes   i n   swi t ch ing   v i sua l ly   be tween   mu l t ip l e   sou rces  
s e r i o u s l y  restricts t h e   r a t e   w i t h  which man can  acquire  needed 
information.  (Majendie,  1 9 6 0 ;  Wulfeck, W e i s z ,  and  Raben,  1958; 
T r a v i s ,  1 9 4 8 ) .  Th i s   can   have   s e r ious   de t r imen ta l   e f f ec t s   on   pe r -  
f o r m a n c e ,   e s p e c i a l l y   d u r i n g   d i f f i c u l t   c o n t r o l   t a s k s   s u c h  as land- 
i n g   h i g h - s p e e d   a i r c r a f t ,   o p e r a t i n g   a i r b o r n e  weapon cont ro l   and  
de tec t ion   sys t ems   wh i l e   f l y ing   a t   supe r son ic   speeds ,   o r   maneuver -  
i ng  and   rendezvous ing   spacecraf t   us ing   mul t i -d imens iona l   cont ro l  
systems.  Majendie ( 1 9 6 0 ) ,  fo r   example ,   po in ted   ou t   tha t   conven-  
t i o n a l   i n s t r u m e n t s   c o n s i s t e n t l y   f a i l e d  t o  solve  three  problems:  

" ( a )  The d i f f i c u l t y   o f   t r a n s i t i o n  f rom  ins t rument   to  
v i s u a l   f l i g h t   c o n d i t i o n s   a t   t h e   f i n a l   s t a g e s   o f  
an   ins t rument   approach   to   l and   in   bad   weather .  'I 

" ( b )  The p rese rva t ion   o f   i n s t rumen t   con t ro l  when t h e  
p i l o t ' s   a t t e n t i o n  i s ,  f o r  any   reason ,   d i rec ted  away 
f rom  the   appropr ia te   ins t ruments .   Preoccupat ion  
w i t h   o t h e r   d u t i e s ,   l a c k  of concent ra t ion   due  t o  
f a t i g u e ,   k e e p i n g  a l o o k - o u t   f o r   o t h e r   a i r c r a f t ,  
&c. ,  are examples   o f   s i tua t ions  when the   main te-  
n a n c e   o f   a c c u r a t e   f l i g h t   c o n t r o l  may be l o s t . "  



" (c )  The e f f ec t ive   mon i to r ing   o f   t he   accu racy   and  
p rec i s ion   w i th   wh ich   an   au tomat i c   p i lo t  is  
achiev ing  i t s  se l ec t ed   func t ion .   Admi t t ed ly ,   t h i s  
can  be  achieved by t h e   p i l o t   c o n t i n u o u s l y   w a t c h -  
i n g   h i s   a p p r o p r i a t e   p r i m a r y   i n s t r u m e n t s ,   b u t   t h i s  
t ends  t o  be  extremely  monotonous,  and t o  a cons i -  
de rab le   ex t en t   r educes   t he   advan tages  t o  be   der ived  
f r o m   e f f e c t i v e   a u t o m a t i c   c o n t r o l .   T h i s   p a r t i c u l a r  
problem  reaches i t s  peak   unde r   h igh   a l t i t ude ,  
high-speed  condi t ions of c r u i s e   o f  a j e t  t r a n s p o r t ,  
and i n   t h e   f i n a l   s t a g e s   o f   a n   a u t o m a t i c   a p p r o a c h ,  
a u t o m a t i c   f l a r e ,   o r   a u t o m a t i c   l a n d i n g ,  on  any  type 
of a i r c r a f t  . I' 

Majendie  proposed t o  u s e   p e r i p h e r a l   v i s i o n   d i s p l a y s   t o   ' ' p r o -  
v i d e   f l i g h t   i n t e l l i g e n c e   t o   t h e   p i l o t   w i t h o u t   d i s t r a c t i n g   h i s  
a t t e n t i o n  from o t h e r   t a s k s ,   w i t h o u t   p r e v e n t i n g  him from  looking 
f r ee ly   abou t ,   e i t he r   t h rough   t he   w indsc reen   o r   w i th in   t he   cockp i t ,  
so  tha t   he   can  take a p p r o p r i a t e   c o r r e c t i v e   a c t i o n   f r o m   t h e   i n f o r -  
m a t i o n   p r o v i d e d   w i t h o u t   s e r i o u s   i n t e r r u p t i o n   t o   h i s   o t h e r   t a s k s . "  
H e  ob jec t ed  t o  the   u se   o f   p ro j ec t ive   sys t ems   ( "heads -up"   d i sp l ays )  
fo r   t he   fo l lowing   r easons :  

"Of little use  during  maneuvering or  t u r b u l e n t  
f l i g h t .  

Unusable when t h e   p i l o t ' s   l i n e   o f   s i g h t  i s  more 
than   abou t   e igh t   deg rees   f rom  the   p ro j ec t ive   d i s -  
p l a y ,   e . g . ,   u n d e r   t r a n s i t i o n   c o n d i t i o n s   i n   t h e  
p r e s e n c e   o f   l a t e r a l   d i s p l a c e m e n t   o r   w i n d   d r i f t .  

Unusable when t h e   p i l o t ' s   a t t e n t i o n  i s  wi th in  
t h e   c o c k p i t  . 
I n d i c a t i o n s   o f   m a l f u n c t i o n   n o t   i n h e r e n t l y   a v a i l a b l e ,  
e x c e p t   t o   a n   a t t e n t i v e   p i l o t . "  

I n  a s i m i l a r   v e i n ,   F i s h   ( 1 9 5 0 )   a l s o   f e l t   t h a t   " h e a d s - u p "   d i s p l a y s  
were of   l imited  use  and  might   give r ise t o  problems  of  double 
images.  Double  images  do, i n  f a c t ,   e x i s t   i n   s u c h   d i s p l a y s   a n d  
have  created  problems  which  are  only now being-  studied  and  under- 
s tood by r e s e a r c h e r s   i n   t h e   f i e l d .  

Many s t u d i e s   p r o v i d e   e v i d e n c e   t h a t  man possesses  a l i m i t e d  
capac i ty   fo r   p rocess ing   i n fo rma t ion ,  (Miller, 1956;   Quast ler ,  
1956;  Broadbent,  1957;  Welford, 1 9 6 0 ;  F i t t s ,  1 9 6 4 )  and t h a t  human 
t i m e  l a g s   r e s u l t i n g   f r o m   v i s u a l   s w i t c h i n g   a n d   a t t e n t i o n   s w i t c h -  
i ng   be tween   i n fo rma t ion   sou rces   a r e   ma jo r   f ac to r s   l imi t ing   t he  
ra te   wi th   which  man can  process   information  (Olson,  1 9 6 3 ;  Senders,  
1965;  Kristofferson,  1965;  Broadbent,   1957;  Broadbent,  1958;  
Broadbent, 1 9 6 1 ) .  O the r   s tud ie s  a l so  i n d i c a t e   t h a t  man cannot 
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attend  to  both  central  and  peripheral  sources  of  information 
simultaneously  (Webster  and  Haselrud,  1964;  Vallerie,  1967). 
Consequently,  the  peripheral  retina  should  be  treated  as  if it 
were  a  separate  sensory  input  channel.  Simply  providing  redun- 
dant  information  through  the  periphery,  therefore,  would  not  im- 
prove  performance  unless  time  lags  due to switching  could  be 
reduced  by  this  means. 

Both  simulator  and  flight  tests  have  indicated  that  valuable 
tracking  information  can  be  obtained  through  peripheral  vision 
"while"  central  vision  is  used to scan  other  information  sources 
in  the  immediate  environment  and/or  in the  external  environment; 
e.g., looking  for  the  runway and, at the  same  time,  attempting 
to  scan  cockpit  instruments  to  obtain  needed  tracking  information 
(Majendie,  1960;  Chorley, 1961; Fenwick, 1963; Brown,  Holmquist 
and  Woodhouse,  1961;  Keston,  Doxtades  and  Massa,  1964;  Holden, 
1964; Moss, 1964a;  Moss,  1964b). In these  circumstances,  the 
operator  is  required  to  switch  only  his  attention  to  information 
presented  in  his  periphery  instead  of  spending  time  in  redirecting 
and  refocusing  his  eyes on spatially  separated  conventional  dis- 
plays.  If  visual  switching  were  not  a  critical  factor  in  such 
control  tasks,  no  benef,it  would  be  expected  to  accrue  from  the 
use of  peripheral  displays. 

During  Phase  I  of  this  research  program,  a  laboratory  study 
was  conducted  to  determine  the  effectiveness  of  peripheral 
vision  displays  for  presenting  dynamic  tracking  information  during 
a  difficult  control  task.  It  was  hypothesized  that  the  utility 
of  peripheral  displays  may  be  attributed  to  a  reduction  in  the 
time  lost  in  visually  switching  between  information  sources. 
The  hypothesis  was  tested  by  comparing  the  performance on a  two- 
dimensional  compensatory  tracking  task  under  conditions  in  which 
the  requirements  for  visual  switching  and  the  provisions  of  peri- 
pheral  displays  were  systematically  varied  and  controlled.  The 
study  clearly  demonstrated  that  tracking  performance  deteriorates 
as  visual  switching  increases  and  that  peripheral  displays  can 
be  used  to  overcome  its  adverse  effects. 

Having  demonstrated  the  feasibility  of  peripheral  displays, 
the  objective  of  this  phase of the  research  program  (Phase 11) 
is  to  maximize  their  effectiveness  and  to  develop  general  guide- 
lines  for  their  fabrication.  To  accomplish  this  objective,  dis- 
play  concepts  were  selected  for  investigation  in  accordance  with 
the  known  capacities  of  peripheral  vision;  the  state-of-the-art 
in  display  techniques,  and  the  constraints  imposed  by  anticipated 
operational  environments.  Concepts  not  readily  implemented  in 
aircraft  cockpits or space  vehicles  were  not  given  serious  con- 
sideration  while  concepts  already  developed  and/or  deemed 
operat.ionally  feasible  were  selected  for  investigation. The 
relative  merits of the  selected  concepts were, then,  measured 
using  operator  performance  as  the  criterion  for  comparison  and 
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evaluation.  This  was  accomplished in the.laboratory under  con- 
trolled  experimental  conditions  during  a  simulated  aircraft 
control  task.  Final  evaluation  of  the most promising  designs, 
of course,  can  only  be  accomplished  under  the  more  realistic 
conditions  provided  by  high  fidelity  simulators  and  actual  ve- 
hicles.  This  is  the  goal  of  Phase I11 of the  program. 

PSYCHO-PHYSIOLOGY OF PERIPHERAL  VISION 

A review  of  the  literature  dealing  with  the  psycho-physiology 
of  peripheral  vision  resulted  in  two  basic  correlative  conclusions 
which  are  important  in  the  design  and  evaluation  of  peripheral 
vision  displays.  These  are: 

Visual  sensitivity,  generally,  decreases  with  dis- 
placement  from  the  fovea  as  would  be  expected 
based on the  fact  that  the  density  of  receptors 
decreases  out  into  the  periphery  of  the  retina. 

Despite  reductions  in  sensitivity,  many  visual 
functions  persist  in  the  periphery,  especially 
brightness  and  motion  discrimination  which are, 
presumably,  due  to  summation. 

The  first  conclusion  suggests  one  critical  factor  that  must 
be  considered  in  the  design  of  peripheral  displays.  Regardless 
of  the  stimulus  dimension  under  consideration,  the  range  and 
the  number  of  discriminable  intervals  within  this  range  cannot 
be  the  same  as  those  normally  employed  in  conventional  displays 
designed  for  foveal  viewing.  Therefore,  peripheral  displays 
will  have  to  be  designed  expressly  for  peripheral  viewing. 

The  second  conclusion  relates  the  class  of  stimuli  most 
adaptable  for  use  in  peripheral  displays.  Motion  and  brightness 
change,  or  flicker  are  especially  pertinent here, because  they 
can  provide  continuous  tracking  information  in  the  form  of 
variations  in  direction  and  rate.  Their  relative  merits,  however, 
must be  determined on the  basis  of  their  information  transfer 
capacity  in  the  context  of  a  complex  control  task  and on the 
basis of their  operational  feasibility. A differential  bright- 
ness  display,  for  example,  might  prove  to  be  satisfactory  only 
under  relatively  low  or  moderate  levels  of  ambient  illumination 
while  a  velocity  display  involving  motion  is  satisfactory  under 
a  wide  range  of  illumination. 
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STATE-OF-THE-ART 

' U n t i l  1 9 5 8 ,  little a t t e n t i o n   h a d   b e e n   g i v e n  t o  the   deve l -  
opmen t   o f   pe r iphe ra l   v i s ion   d i sp l ays   fo r   t he   pu rpos , e s   o f   p re sen t -  
ing   dynamic   cont ro1 , informat ion .  The earliest  w o r k ,   s p e c i f i c a l l y  
devoted t d  these  problems,  w a s  a p p a r e n t l y   c a r r i e d   o u t   i n   E n g l a n d  
by  Majendie,  and la te r  by  Chorley  and Lowe a t  Smi th   Indus t r i e s ,  
Ltd. The r e s u l t s   o f   t h e i r   e f f o r t s  w a s  the   Para-Visua l  Director 
(PVD) shown i n   F i g u r e s  1 and 3 .  

Para-Visual Director (PVD) I 

The' Para-Visual Director c o n s i s t s   o f   t h r e e   " b a r b e r   p o l e "  
t y p e   d i s p l a y s   l o c a t e d :   o n e   i n   f r o n t   a n d   t h e   o t h e r  t w o  on e i t h e r  
s i d e  of t h e   p i l o t ;  a l l  t h r e e   i n  a ho r i zon ta l   p l ane   be low  the  
l i n e  of s i g h t .  Each d i s p l a y   c o n s i s t s  of a s e r v o   c y l i n d e r  w i t h  a 
b lack   and   whi te   he l ix   inscr ibed   on  i t s  s u r f a c e  as i l l u s t r a t e d   i n  
F igure  1. R o t a t i o n   o f   t h e   c y l i n d e r  creates t h e   i l l u s i o n   o f  
l ong i tud ina l   mo t ion   a long  i t s  a x i s .  The d i s p l a y   i n   f r o n t  of t h e  
p i l o t   p r o v i d e s  bank angle   in format ion  w h i l e  t h e   o t h e r  t w o  s i d e  
d i s p l a y s ,   s l a v e d   t o g e t h e r ,   p r o v i d e   p i t c h .  When t h e  bank d i s p l a y  
shows motion t o  t h e   r i g h t ,  t h e  p i l o t   b a n k s  t o  t h e  r i g h t   u n t i l  
motion ceases. When t h e   p i t c h   d i s p l a y s  show forward  motion, 
t h e  p i l o t   p u s h e s   h i s   c o n t r o l  column  forward  unt i l   motion  ceases .  

F igu re  1. Smith PVD--Typical Display  Unit  

5 



Majendie ( 1 9 6 0 )  s tates " c o n s i d e r a b l e   f l i g h t   e x p e r i e n c e   w i t h  a 
w i d e   c r o s s - s e c t i o n   o f   p i l o t s   h a s  shown t h a t   t h i s   t y p e   o f   d i s p l a y  
i s  as n e a r l y   i n s t i n c t i v e l y   n a t u r a l  as one could  possibly  hope 
f o r . "  The d i s p l a y   u n i t  i s  a l so  p r o v i d e d   w i t h   i n t e g r a l   l i g h t i n g  
and a shu t t e r   wh ich  closes when mal func t ions  occur o r  when 
power i s  " o f f . "  The re la t ionship   be tween  d i sp lay   speed   and  
a t t i t u d e  demand is non-linear  and a ra te  l i m i t i n g   s i g n a l  i s  
employed i n  t he   fu l ly   deve loped   sys t em.   Sub jec t  t o  t h i s ,   t h e  
system  has   been  used  for  a l l  p h a s e s   o f   f l i g h t   i n   w h i c h  a con- 
v e n t i o n a l   f l i g h t   d i r e c t o r  would  normally  be  used. KLM, f o r  

example ,   found  tha t   the  PVD cou ld   be   success fu l ly  employed t o  
p r o v i d e   t h e   p i l o t   o f  a l a r g e  j e t  a i r c r a f t  ( D C - 8 )  w i t h   f i n a l  
approach  and  f lare-out  guidance  (Reede,  1965).  The PVD was 
d r i v e n  by a f lare-out   computer .  

Hopkin, a t   t h e   I n s t i t u t e   o f   A v i a t i o n   M e d i c i n e ,  i n  Farn- 
borough, was a l so   concerned   wi th   the   deve lopment   o f   per iphera l  
v i s i o n   d i s p l a y s   f o r   a i r c r a f t   u s e ,   b u t   d i d   n o t   p o s s e s s   t h e  same 
enthusiasm as Majendie.  Hopkin  (1959)  completed a review  of  the 
l i t e r a t u r e   d e a l i n g   w i t h   p e r i p h e r a l   v i s i o n   a n d  i t s  r e l a t i o n  t o  
the   des ign   of   per iphera l   v i s ion   d i sp lays ,   conc luding:   "At tempts  
to   u se   o the r   v i sua l   me thods   bes ides   pe r iphe ra l   v i s ion   t o   convey  
a d d i t i o n a l   i n f o r m a t i o n   t o   t h e   p i l o t   h a v e  m e t  wi th  l i t t l e  success. 
The use   o f   pe r iphe ra l   v i s ion   i n s t ead   o f   s cann ing   i n s ide   t he  
cockp i t  i s  m o s t  unpromising." H e  a l s o  recommended t h a t   c o n s i -  
derab le   cau t ion   be   used  i n  t h e   a p p l i c a t i o n   o f   p e r i p h e r a l   v i s i o n  
because   o f   t he   l ack   o f   de f in i t e   knowledge   abou t  it and i t s  
l i a b i l i t y   t o   s p e l l s   o f   v e r y   p o o r   a c u i t y .  Hopkin  emphasized  the 
need  ' 'a) t o  measu re   pe r iphe ra l   v i s ion   adequa te ly ;  b)  , t o   f i n d   o u t  
w h a t   t h e   c a p a b i l i t i e s   o f   p e r i p h e r a l   v i s i o n  are;  c )  t o   d i s c o v e r  
methods of improv ing   pe r iphe ra l   v i s ion   pe r fo rmance ;   and   d )   t o  
e x p l o r e   p o s s i b l e   u s e s   a n d   a p p l i c a t i o n s   o f   p e r i p h e r a l   v i s i o n . "  

Streaming  Light  and  Flashing  Light  Displays 

Brown, Holmquist  and Woodhouse ( 1 9 6 1 1 ,  a t  the  Applied 
Psychology  Research  Unit i n  England, were i n t e r e s t e d   i n   p e r i -  
phe ra l   v i s ion   and  i t s  c a p a b i l i t i e s   f o r   p r e s e n t i n g   i n f o r m a t i o n  
t o  p i l o t s   d u r i n g   f i n a l   a p p r o a c h   t o   l a n d i n g   u n d e r   p o o r   v i s i b i l i t y  
c o n d i t i o n s .   I n  a series of   l abora tory   exper iments ,   they  com- 
pared   t racking   per formance   us ing   four   f l igh t -d i rec t ion   d i sp lays ,  
three  of  which were pe r iphe ra l   v i s ion   d i sp l ays - "a j end ie ' s   Pa ra -  
Visua l  Director a s  w e l l  a s   d i sp l ays   cons i s t ing   o f   ' ' s t r eaming  
l i g h t s "  a n d   " f l a s h i n g   l i g h t s .  I' The f .our th   ins t rument  was a 
convent ional  ILS i n d i c a t o r .  

The s t r eaming   l i gh t   d i sp l ay   sys t em  cons i s t ed   o f  t w o  53.34 
c m  rows  of 4 5  neon  lamps,  spaced a t   e q u a l   i n t e r v a l s .  One r o w  
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w a s  o r i e n t e d   h o r i z o n t a l l y  a t  a v i s u a l   a n g l e   o f  25 degrees  below 
a c e n t r a l   d i s p l a y .   T h i s  r o w  w a s  used t o  i n d i c a t e  errors i n  
heading. The second r o w ,  o r i e n t e d   v e r t i c a l l y   a t  a v i s u a l   a n g l e  
of 30 d e g r e e s   t o   t h e   l e f t  o r  r i g h t   o f   t h e   c e n t r a l   d i s p l a y ,  w a s  
u s e d   t o   p r o v i d e   a l t i t u d e   e r r o r .   E i g h t   l a m p s   i n   e a c h  r o w  w e r e  
i l l umina ted  a t  any in s t an t   t o   p roduce   an   appa ren t   s t r eaming  
movement of  lamps. The d i r e c t i o n   o f   t h e   s t r e a m i n g  movement i n d i -  
c a t e d   t h e   s i z e   o f   r e q u i r e d  movement.  The t r a c k i n g   t a s k ,   h e r e ,  
as w e l l  a s   w i t h   t h e   o t h e r   d i s p l a y s   s t u d i e d ,  w a s  compensatory  with 
z e r o  t i m e  l a g .  

The f l a sh ing   l i gh t   d i sp l ay   sys t em  cons i s t ed   o f   fou r   neon  
lamps. Two l a m p s ,   d i s p l a y i n g   e r r o r s   i n   a l t i t u d e ,  were p laced  
25 degrees   ve r t i ca l ly   above   and   be low  the   cen t r a l   d i sp l ay .  The 
o t h e r  t w o  lamps w e r e  p l a c e d   h o r i z o n t a l l y   t o   t h e   l e f t   a n d   r i g h t  
o f   t h e   c e n t r a l   d i s p l a y ,  a t  a v i s u a l   a n g l e   o f  30 deg rees .  A 
f l a s h i n g   l i g h t  t o  t h e   l e f t   i n d i c a t e d  a requi rement   for  movement 
t o  t h e   l e f t  and a f l a s h i n g   l i g h t  above   ind ica ted  a movement 
towards t h e  o p e r a t o r  of a n   a i r c r a f t   t y p e   c o n t r o l .  The ra te  of 
f l a s h i n g   i n d i c a t e d   t h e  s i z e  o f   t h e   c o n t r o l  movement r equ i r ed .  
When t h e  s y s t e m  w a s  ba l anced ,   t he  lamps were o f f .  The f l a s h i n g  
l i g h t   s y s t e m  w a s  a l s o   s t u d i e d   w i t h   t h e   l i g h t s   a t t a c h e d   d i r e c t l y  
t o   t h e   v i s o r  of t h e   o p e r a t o r ' s   h e l m e t .  

The Para-Visual Director (ba rbe r ' s   po le )   sys t em  used   i n  
these  experiments  w a s  d e s c r i b e d   e a r l i e r .  Here, t h e   c e n t r a l  
d i sp l ay   p re sen ted  changes i n   b e a r i n g   a n d   t h e  two s i d e   d i s p l a y s  
presented  changes i n   a l t i t u d e   e v e n   t h o u g h   t h e y  were mounted 
h o r i z o n t a l l y .   I n  one case, o n l y   o n e   ( r i g h t )   d i s p l a y  was used. 

The ILS meter was l o c a t e d   a t   t h e   r i g h t   a n d   s l i g h t l y   a b o v e  
t h e   c e n t e r   d i s p l a y   a t  a v i s u a l   a n g l e  of s i x   d e g r e e s .  The h o r i -  
z o n t a l   p o i n t e r   d i s p l a y e d   a l t i t u d e   a n d   t h e   v e r t i c a l   p o i n t e r  
bear ing .  When t h e   h o r i z o n t a l   p o i n t e r  moved up t h e   c o r r e c t  con- 
t r o l  movement  was towards t h e  ope ra to r .  When t h e   v e r t i c a l  
p o i n t e r  moved l e f t ,   t h e   r e q u i r e d   c o n t r o l  movement  was t o  t h e  
l e f t .  The t a r g e t  area on t h e  meter was r ep resen ted  by a whi te  
c i r c l e  ( 7 . 9 5  c m  i n   d i a m e t e r ) .   T r a c k i n g   w i t h   t h e  I L S  meter was 
a l so  examined when it w a s  l o c a t e d  t e n  d e g r e e s   d i r e c t l y   b e l o w  
t h e   c e n t r a l   d i s p l a y .  

A l l  d i s p l a y s  were a t t a c h e d  t o  a 7 6 . 2  c m  diameter  hemisphere 
a t  the   d i sp lacement   angles   ind ica ted   above .  The c e n t r a l   d i s p l a y  
cons i s t ed   o f  a 15.24 c m  d iameter   g round  g lass   sc reen   loca ted  a t  
t he   cen te r   o f   t he   cu rved   su r f ace   o f   t he   hemisphe re .   Three   spo t s  
o f   l i g h t  w e r e  p r o j e c t e d  on t h e   s c r e e n   i n  a pre-arranged  order .  
( A  s econd   "cen t r a l   d i sp l ay , :  70  degrees  t o  t h e   r i g h t  of t h e  
center   o f   the   hemisphere ,  w a s  u s e d   i n   t h e   p o r t i o n   o f   t h e   e x p e r i -  
men t   dea l ing   w i th   t he   e f f ec t s   o f   head   ro t a t ion   and   o f   combin ing  
t w o  d i sp l ay   sys t ems . )  The o p e r a t o r s   b a s i c   t a s k s  were t o  f i x a t e  
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t h e   c e n t r a l   d i s p l a y ,   t o   p r e s s  a swi tch  as qu ick ly  as p o s s i b l e  
whenever   the   pa t te rn   o f   spots   changed ,   and  t o  t r a c k  a t  t h e  
same t i m e  w i t h   t h e   f l i g h t - d i r e c t o r   d i s p l a y   s y s t e m .  

The r e s u l t s   o f   t h e   s t u d y   i n d i c a t e d   t h a t   d u r i n g   " c o n t i n u o u s  
t r a c k i n g ,   t h e  time o f f   t a r g e t   w i t h   F l a s h i n g   L i g h t s   o r   t h e  ILS 
meter w a s  about a q u a r t e r  of t h e  t i m e  o f f   t a r g e t   w i t h   e i t h e r   t h e  
Streaming  Lights  o r  the   Ba rbe r ' s   Po le s .   In   co r rec t ing   sudden  
e r ro r s ,   F l a sh ing   L igh t s   on   t he  H e l m e t  gave  quicker   responses  
than  any  other   display  which was i n v e s t i g a t e d .   T h i s  was pre-  
sumed t o   b e   t h e   r e s u l t  of t he   h igh   a t t en t ion -ge t t i ng   va lue   and  
t h e   i m m e d i a t e   d i r e c t i o n a l   i n d i c a t i o n   o f   t h e   s i g n a l s .  The weak- 
ness   o f   F lash ing   Lights   on   the  H e l m e t ,  wh ich   a l so   app l i ed   t o  
the   Barber ' s   Poles   and   S t reaming  Lights ,  w a s  present ing  informa- 
t i o n  on t h e  s i z e  o f   e r r o r s .  The ILS meter w a s  t h e   b e s t   d i s p l a y  
i n  t h i s   r e s p e c t ,   a l t h o u g h  it d i d   n o t   a l w a y s   a t t r a c t  t h e  man's 
a t t e n t i o n   a s   s o o n  as it i n d i c a t e d  an  e r r o r .  The combination 
of   Flashing  Lights   on  the H e l m e t  and  the ILS meter produced  the 
q u i c k e s t   c o r r e c t i o n s   r e c o r d e d   d u r i n g  t h e  experiments .  

"Reaction time t o   s i g n a l s   p r e s e n t e d  on a c e n t r a l   d i s p l a y  
increased   about  4 0 %  when a t t e n t i o n   h a d   t o   b e   p a i d   t o  any  of  the 
f l i g h t - d i r e c t o r   d i s p l a y s .  The s i z e  o f   t h e   i n c r e a s e  was about 
t h e  same w h e t h e r   s i m u l a t e d   c o n t r o l   o f   t h e   a i r c r a f t  was c a r r i e d  
ou t   o r   no t   wh i l e   pe r fo rming  t h e  c e n t r a l  t a s k . "  They concluded 
t h a t :  " I t  was t h e   n e e d   t o   a t t e n d   t o   t h e   a d d i t i o n a l   c h a n n e l  of 
i n fo rma t ion ,   r a the r   t han   s imul t aneous  demands f o r   a c t i o n ,  
which i n t e r f e r e d   w i t h   t h e   c e n t r a l   t a s k .  

Performance  with  Flashing  Lights   on  the H e l m e t  and  Stream- 
ing   Lights  showed only  a s m a l l   a n d   n o t   s t a t i s t i c a l l y   s i g n i f i c a n t  
adve r se   e f f ec t   f rom  occas iona l   ro t a t ion   o f   t he   head   and   eyes  
of 70 degrees .  

"Sideways movement of t h e  head   a l t e r ed   t he   ang le   sub tended  
a t   t h e   s u b j e c t ' s   e y e  by the   Barber ' s   Poles   mounted   hor izonta l ly  
f o r e  and a f t   t o   d i s p l a y   i n f o r m a t i o n  on a l t i tude .   This   changed  
the   appa ren t  rate of movement o f   t he   d i sp l ay   and   t he   appa ren t  
d i sp l ay - to -con t ro l   r a t io ,   and   t hus   caused   t he   sub jec t   t o  m i s s  
small e r r o r s   o c c a s i o n a l l y ,   o r  make c o n t r o l  movements  of t h e  
wrong s i z e .   I n   a d d i t i o n ,   w i t h   t h e   B a r b e r ' s  Poles t h e   d i s p l a y -  
c o n t r o l   d i r e c t i o n a l   r e l a t i o n s h i p s   c h a n g e d  as a t t e n t i o n  w a s  
d i rected  f rom  one  end  of   the  azimuth  display t o  t h e   o t h e r .   T h i s  
c o u l d   o c c u r   i n   a n   a i r c r a f t  when t h e   p i l o t   r o t a t e d   h i s   h e a d   a n d  
eyes, and  might   be  dangerous."   This   las t   conclusion made by t h e  
au tho r s  i s  i n c o n s i s t e n t   w i t h   t h e   n o r m a l   i n t e r p r e t a t i o n   o f  
d i s p l a y - c o n t r o l   r e l a t i o n s h i p s  i n  t h a t   t h e y   h a v e   i n t e r p r e t e d   t h e  
a rea   o f   i n t e r sec t ion   o f  t w o  d i s p l a y s  .as an   add i t iona l   sou rce  of 
information t o  which t h e   o p e r a t o r   c a n   a t t e n d   i n   a d d i t i o n   t o   t h e  
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two  basic  input  sources  comprising it.  If  such  confusion  was a 
real  problem,  physical  separation of the  two  displays and/or 
training  should  minimize  this  effect. 

Peripheral  Command  Indicator  (PCI) 

In  the  United  States,  Collins  Radio  Corporation,  as  early 
as  1961,  was  also  interested in the  possibility  of  using  peri- 
pheral  vision  displays  in  the  aircraft  cockpit,  and  developed 
the  "Peripheral  Vision  Command  Indicator"  as  shown  in  Figure 2 
(Fenwick,  1963),  against..a  background of  actual  flying  experience 
and  1abor.atory  simulation.  This  development  effort  was  under- 
taken  because  of  increased  pressures  for  lower  aircraft  landing 
minimums  under  adverse  weather  conditions. 

Figure 2. Collins'  peripheral  command  indicator 

Collins'  peripheral  command  indicator  translates  pitch  and 
bank  steering  information  into  a  rate  of  movement of a  single, 
black  and  white  moire  pattern.  With  appropriate  inputs  to  the 
device,  which  consists  of  a  helix on each  of  two  concentric 
cylinders,  tHe  black  and  white  pattern  moves  in  any  desired  di- 
rection (up, down, left, right, and  any  vector  between  these) 
at any  desired  rate  within  a  wide  range.  In  practice,  movement 
of the  pattern  has  been  controlled  by  quickened  flight  director 
signals so that  the  display  presents  the  pilot  with  a  continuous, 
two-dimensional,  compensatory  tracking  task.  Fly-to-sensing  is 
employed so that,  for  example, if movement  is  perceived  in  the 
direction  15  degrees  to  the  right of vertical,  the  pilot  pitches 
up  and  steers  slightly  to  the right  until  the  display is  nulled: 
that is, until  movement  ceases.  The  rate of movement  represents 
the  magnitude of error  to  be  corrected  (Fenwick,  1963). 
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Ear ly  tes ts  w i t h   t h e   i n s t r u m e n t   i n d i c a t e d   t h a t   s e n s i t i v e  . 
commands i n  t w o  axes   could  be  perceived  and  fol lowed  even when 
t h e   p i l o t  was a t t e n d i n g  t o  o t h e r   i n s t r u m e n t s   i n   t h e   c o c k p i t   o r  
scanning  the  windscreen.   Simulator  tests were used t o  d e t e r -  
m i n e   t h e   u s e f u l n e s s   o f   t h e   p e r i p h e r a l  command i n d i c a t o r   a s  a 
supplement to   convent iona l   d i sp lays . .   Labora tory   exper iments  
were a l so   conducted  t o  assess t h e   " e f f e c t s   a n d   i n t e r a c t i o n s "   o f  
v a r i o u s   d i s p l a y   v a r i a b l e s   i n   a n   e f f o r t  t o  op t imize   t he   d i sp l ay .  
With t h e   b e s t   c o m b i n a t i o n   o f   d i s p l a y   v a r i a b l e s ,  Fenwick  (1963) 
s t a t e s   t ha t   "d i r ec t ion   o f   mo t ion   cou ld   be   pe rce ived   w i th   con-  
s ide rab le   accu racy  when t h e   d i s p l a y  was l o c a t e d  as f a r  as 35 
degrees   f rom  the  subject  Is l i n e  of  regard.  I' 

A r a t h e r   u n i q u e   l o c a t i o n   f o r   t h e  P C 1  w a s  used by  Knemeyer 
( 1 9 6 6 1 ,  who w a s  a l s o   c o n c e r n e d   w i t h   t h e   a l l e v i a t i o n   o f   t r a n s i t i o n  
problems  assoc ia ted   wi th  low v i s i b i l i t y   l a n d i n g .  The PC1 was 
v e r t i c a l l y  mounted  on the   nose   o f   an   a i r c ra f t ,   ou t s ide   t he   cock-  
p i t   a t  a d i s t a n c e   o f   a p p r o x i m a t e l y   n i n e   f e e t   d i r e c t l y  i n  f r o n t  
o f   t h e   p i l o t .  Two electro-luminescent  columns  and a r e f e r e n c e  
l i n e  were added t o  p r e s e n t   e r r o r s   i n   s p e e d  so t h a t   a n  optimum 
ang le   o f   a t t ack   cou ld   a l so   be   ma in ta ined  on f ina l   app roach .  
Approach  speed was c o r r e c t  when t h e  columns were cen te red  on t h e  
r e fe rence   l i ne .   Speed  was t o o   h i g h   o r  low when t h e  columns 
w e r e  above o r  b e l o w   t h e   l i n e ,   r e s p e c t i v e l y .  The i n t e r s e c t i n g  
l i n e s   o f   t h e   d i s p l a y  were d r iven  by t h e   o u t p u t   o f  a f l i g h t   d i r e c -  
to r   computer .  The p i l o t ,   t h e r e f o r e ,   r e c e i v e d   c o n t i n u o u s  command 
information on p i t c h ,   r o l l ,  and  speed,   s imultaneously.  Knemeyer 
( 1 9 6 6 )  s t a t e s ,   " t h e   i n s t r u m e n t   a l l o w s   t h e   p i l o t  t o  focus   on   h i s  
v i sua l   re fe rence   on   the   g round  and  s t i l l  have  his   most   important  
f l i g h t   i n f o r m a t i o n   e a s i l y   a v a i l a b l e   t o  him w i t h o u t . h a v i n g   t o  
f o c u s   h i s   e y e s   i n s i d e   t h e   c o c k p i t  on h i s   i n s t rumen t   pane l .  The 
instrument  i s  na r rower   t han   t he   d i s t ance   be tween   h i s   eyes ,  so 
t h a t   n o t h i n g  w i l l  be   obs t ruc t ed  i n  t h e  p i l o t ' s   f i e l d  o f   ou t s ide  
v i s u a l   r e f e r e n c e .  The f l i g h t   i n f o r m a t i o n  i s  so dominantly  pre- 
s e n t e d   t h a t   t h e   p i l o t  w i l l  pe rce ive  it even when he   i n t ense ly  
focuses   on  his   visual   references  on  the  runway.   Extensive 
p re l imina ry   f l i gh t   eva lua t ion   has   been   pe r fo rmed   du r ing   v i sua l  
day  and  night  approaches  and  landings.  Numerous touchdown  land- 
ings  have  been made u s i n g   t h e   f l a r e   i n d i c a t i o n   w h i c h   t h i s  
instrument   can  provide when d r iven  by t h e  f l i g h t   d i r e c t o r  com- 
p u t e r .  The tests have shown tha t   such   an   ex te rna l ly   Toun ted  
f l i g h t  command i n d i c a t o r   s o l v e s   t h e   m a i n   s a f e t y   p r o b l e m   i n  low 
v i s i b i l i t y   l a n d i n g  by g i v i n g   t h e   p i l o t   c o n t i n u o u s   c o n t r o l   i n f o r -  
m a t i o n   e a s i l y   a c c e s s i b l e   t o  him w h i l e  remaining on v i s u a l  con- 
t a c t  and a f t e r   t r a n s i t i o n i n g   t o   o u t s i d e   r e f e r e n c e  when breaking 
o u t  f rom  in s t rumen t   f l i gh t . "  
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P e r i p h e r a l   A r t i f i c i a l   H o r i z o n   D i s p l a y  

Keston,  Doxtades,  and Massa ( 1 9 6 4 ) ,  a t  t h e   L a b o r a t o r y   f o r  
E l e c t r o n i c s ,  were c o n c e r n e d   w i t h   t h e   p o s s i b i l i t y   o f   u s i n g  a 
p e r i p h e r a l   a r t i f i c i a l   h o r i z o n  as a n   a i d  t o  p i l o t s   d u r i n g   n i g h t  
carrier landings .  They conducted a l abora to ry   s tudy  t o  d e t e r -  
mine t h e   f e a s i b i l i t y   o f   u s i n g   s u c h   a n   a i d .  The a r t i f i c i a l  
hor izon   cons is ted   o f  a t h i n   l u m i n o u s   l i n e   p r e s e n t e d   i n  a h o r i -  
z o n t a l   p l a n e   a t   e y e  level;  t h e   c e n t r a l   t e n   d e g r e e   v i s u a l   a n g l e  of 
which w a s  removed r e s u l t i n g   i n  a " p e r i p h e r a l "   d i s p l a y .  The 
o p e r a t o r ' s   t a s k  w a s  t o   j u d g e   t h e   v e r t i c a l   p o s i t i o n   w i t h   r e s p e c t  
t o  h i s   l i n e   o f   s i g h t .  N o  c e n t r a l   t r a c k i n g   o r   l o a d i n g   t a s k  w a s  
used. The a u t h o r s   r e p o r t e d  a "dramatic"  enhancement  of relia- 
b i l i t y  and   accu racy ' '   w i th   t he   u se   o f   t he   a r t i f i c i a l   ho r i zon .  
V a r i a b i l i t y   a n d   e r r o r s  w e r e  r e p o r t e d   t o   b e   f a r   g r e a t e r  when no 
horizon was p r e s e n t   i n   t h e   p e r i p h e r y .  

D i f f e r e n t i a l   B r i g h t n e s s   v s .   P o s i t i o n a l   D i s p l a y s  

Moss ( 1 9 6 4 a ,  b)  compared  tracking  performances  using a 
p o s i t i o n a l   d i s p l a y   a n d  a d i f f e r e n t i a l   b r i g h t n e s s   d i s p l a y   a s  
they were moved i n t o   t h e   p e r i p h e r y  (15  deg rees ,  30 degrees ,   and 
45 degrees   eccen t r i c i ty . )   Pe r fo rmance   w i th   t he   pos i t i ona l   d i s -  
p lay  was s u p e r i o r  when it was s i t u a t e d  i n  t h e   c e n t e r   o f   t h e  
f i e l d  of view.  However, a s   t h e   d i s p l a y s  were moved i n t o  t h e  
p e r i p h e r y ,   t h e   d i f f e r e n t i a l   b r i g h t n e s s   d i s p l a y   p r o v e d  t o  be   t he  
b e t t e r  of t h e  t w o .  These   resu l t s   emphas ize   the   impor tance   o f  
s e l e c t i n g   t h e   a p p r o p r i a t e   s t i m u l u s   d i m e n s i o n s   f o r   u s e . i n   t h e  
des ign   o f   d i sp l ays   fo r   pe r iphe ra l   v i ewing .  

Horizontal   Side  Bar   Display 

Holden ( 1 9 6 4 )  a t  t h e  Queens   Un ive r s i ty   i n   Be l f a s t ,   I r e l and ,  
i n v e s t i g a t e d   t h e   u s e   o f   h o r i z o n   " s i d e   b a r s "   t o   c r e a t e   t h e  
i l l u s i o n   o f  a s t a t i o n a r y   h o r i z o n   i n   t h e   p i l o t ' s   p e r i p h e r y   d u r i n g  
b l i n d   f l y i n g .  The s ide   ba r   d i sp l ay   sys t em  cons i s t ed   o f  two 
ins t ruments  i n  t he   pe r iphe ry .  A h o r i z o n t a l   l i n e   o n   e a c h   i n s t r u -  
ment moved up o r  down as the   a i r c ra f t   banked .   In   1963 ,   Ho lden  
conducted a s imula to r   s tudy   o f   t h i s   sys t em.  The s i d e   b a r s  
w e r e  l oca t ed  t o  form a plane  about  a f o o t  below t h e   l i n e   o f   s i g h t  
on e i t h e r   s i d e   o f   t h e   h e a d .  The s i d e   b a r s  were geared  so t h a t  
they  formed  an  extension  of a central  a r t i f i c i a l   h o r i z o n   d i s -  
play  which w a s  s i t u a t e d   d i r e c t l y  i n  f r o n t   o f   t h e   p i l o t .  The 
r e s u l t s   o f   t h e   s t u d y   i n d i c a t e d   t h a t  small changes i n  bank ang le  
were d e t e c t e d  more qu ick ly   w i th   t he   u se   o f   s ide   ba r s ;   however ,  
e v e n   w i t h   m o d i f i c a t i o n s ,   t h e   i l l u s i o n   o f  a s t a t i o n a r y   h o r i z o n  
was not   ach ieved .   Never the less ,  a 2 2 %  improvement  was  found 
w . i t h   t h e   s i d e   b a r s   i n  tests w h i c h   r e q u i r e d   t h e   p i l o t  t o  t r a c k   i n  
r o l l  and p i t ch   s imul t aneous ly .  Here, t h e   b a r s  w e r e  modified 
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t o  move " in   sympa thy"   w i th   a i r c ra f t   p i t ch .   Ho lden   conc luded   t ha t  
t h e  major advantage of t h e  s i d e   b a r   s y s t e m ' a p p e a r s  t o  be i n  i t s  
a b i l i t y   t o   r e d u c e   t h e  amount   o f   concent ra t ion   requi red   o f   the  
p i l o t .  

I n   d i s c u s s i n g   o t h e r   i n s t r u m e n t s   f o r   b l i n d   f l y i n g ,  Holden 
s t a t e d   t h a t   " d i r e c t o r   i n s t r u m e n t s   ( i n t e g r a t e d   d i s p l a y s )   c a n   b e -  
come exceedingly  complex ... and  such a complex  instrument may 
o f fe r   on ly   marg ina l   advan tages   ove r   t he   conven t iona l   d i sp l ay . "  
Wi th   regard   to   Majendie ' s   Para-Visua l   Di rec tor ,   he   a l so   po in ted  
o u t   t h a t   ' ' i n   a n y   c a s e   r e l i a n c e ,   i n  a primary  instrument,   on 
p e r i p h e r a l   v i s i o n  i s  open t o   s e v e r e  cri t icism s ince   med ica l  
e v i d e n c e   i n d i c a t e s   t h a t  it would  be  qui te   easy t o  m i s s  p e r i p h e r a l  
c l u e s   a t  a c r u c i a l   s t a g e  when u n d e r   s t r a i n .   R e l e g a t e d   t o  a 
secondary  instrument  t h e  system still appea r s   t o   have  many meri ts ,  
t h e  p i l o t   f l y i n g   t h e   a i r c r a f t   w i t h   n o r m a l   i n s t r u m e n t s   u s i n g   t h e  
PVD d i s p l a y   t o   h e l p   e a s e   t h e   t a s k  by r educ ing   t he   concen t r a t ion  
r equ i r ed .  I' 

Minimum At ten t ion   Disp lay  

I n   t h e  1 9 6 4  summer i s s u e   o f   t h e   J o u r n a l   o f   t h e   I n s t i t u t e  
of   Navigat ion,   and  again  in   the  1965 summer i s s u e   o f  t h e  same 
j o u r n a l ,  Massa  and  Keston  revealed a "new display  concept--The 
Minimum Attent ion  Display."   Keston ( 1 9 6 4 )  s t a t e s :  "The Minimum 
At t en t ion   D i sp lay   Concep t   a t t empt s   t o   p rov ide   h igh ly   spec i f i c  
and v e r i d i c a l   g u i d a n c e   i n f o r m a t i o n   t h a t  would  augment  and c l a r i f y  
d i r ec t   v i sua l   con tac t   t h rough   v i sua l   codes   compa t ib l e   w i th   t he  
r equ i r ed   con t ro l   r e sponses .  The d i sp lay   has  minimum a t t e n t i o n  
r equ i r emen t s ;   t ha t  i s ,  it does   no t   compete   for   the   a t ten t ic iz  
o f   t h e   p i l o t   t o   t h e   d e t r i m e n t   o f   b o t h   t h e   d i s p l a y   a n d   d i r e c t  
v i s u a l   c o n t a c t .  The p i l o t  i s  n o t   r e q u i r e d   t o  look d i r e c t l y   a t  
t h e  d i sp lay ;   i n s t ead ,   he   can  look through  the  windscreen  and 
m a i n t a i n   d i r e c t   v i s u a l   c o n t a c t .   T h i s  i s  usually  accomplished 
by t r a n s m i t t i n g   i n f o r m a t i o n   t h r o u g h   t h e   v i s u a l   p e r i p h e r y  by 
means o f   non- spec i f i c   ( l ow-acu i ty )   v i sua l   pa rame te r s   ( co lo r ,  
mo t ion ,   f l a sh   r ange ,   b r igh tness ,  e t c . )  

"The use   o f   t h i s   un ique   d i sp l ay   concep t   a l l ows   con t inuous  
ma in tenance   o f   d i r ec t   v i sua l   con tac t ,   wh i l e   s imu l t aneous ly   p ro -  
viding  supplemental   guidance  information.  The time s c a l e  re- 
qu i r ed   fo r   i n fo rma t ion   t r ansmiss ion  i s  thus   compressed ,   resu l t ing  
i n  more rapid  performance  of  c r i t i c a l  control   maneuvers .  

"The Minimum Attent ion  Display  Concept  i s  proposed  as  o'ne 
form  of s o l u t i o n   t o   s e v e r a l  display  problems  (del ineated  above)  
inherent   in   bo th   manual   and  automatic   systems."  
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Massa  and  Keston (1965) wrote: "We conclude  that  a  distinct 
possibility  exists for the  utilization  of  peripheral  phenomena 
in  information  transmission in a  minimum  attention  visual  dis- 
play."  They  considered the  following  stimulus  dimensions  to  be 
the  most  promising:  "flicker  frequency,  color  discrimination, 
relative  size  discrimination,  relative  position  discrimination, 
relative  velocity  discrimination,  relative  shape  discrimination." 

DISPLAY  CONCEPTS 

During  Phase I1 of  this  research  program,  a  number  of  dis- 
play  concepts  appeared  worthy of further  investigation  in  the 
laboratory.  Among  ,these  were  the  Collins  Peripheral  Command 
Indicator  (PCI)  and  the  Smith  Para-Visual  Director.  These  are 
the  only  two  display  systems  which  are  presently  in  operational 
use  and  are  commercially  available  as  off-the-shelf  items.  Both 
displays  incorporate  changes  in  motion  as  the  primary  stimulus 
for  encoding  information on direction  (pitch  and r o l l )  and  rate. 
Display  concepts  incorporating  other  than  changes  in  motion  as 
the  primary  dimensions  were  not  given  serious  consideration 
because  of  their  relatively  limited  discriminability  in  the 
periphery or their  incompatibility  with  anticipated  operational 
environments.  For  example,  the  effectiveness  of  displays 
utilizing  color,  brightness,  and  flicker  rate would.  be  influenced 
by  the  level  of  ambient  illumination  on  the  cockpits  of  aircraft 
and  space  vehicles.  Displays  requiring  shape  and  pattern  re- 
cognition  would  suffer  more  from  accelerative  forces  than  those 
providing  motion  or  brightness  cues.  Other  factors',  which  were 
also  considered,  included  the  availability  of  space  for  mount- 
ing,  structural  shape of the  operator's  workspace,  power  con- 
servation,  and  weight.  In  addition,  displays  which  rely on their 
spatial  positioning  in  the  operator's  visual  field  to  convey 
information  were  also  not  considered  promising  since  four  instru- 
ments  would  be  required  to  present  information on two  control 
dimensions;  viz.,  two  pairs of displays  would  be  required  to 
present  direction  and  rate  information,  one  above  and  one  below 
the  operator's  line  of  sight  for ''upness" or "downness"  and  a 
second  pair on either  side  of  the  operator  for  "leftness"  or 
"rightness."  A  single  peripheral  display,  capable  of  providing 
this  same  information  with  no  deleterious  effects on control 
performance,  was  considered  to  be  more  desirable  than  a  multi- 
display  configuration. 

Motion  cues  were  also  considered  most  promising  because 
they  can  provide  quickened  tracking  information;  viz.,  a  con- 
ventional  display in the  center  of  the  visual  field  for  present- 
ing  positional  information  (error)  and  the  peripheral  display(s) 
f.or  presenting a  combination of error  and  error  rate  (or  higher 
derivatives  depending on the  dynamics  of  the  system  controlled). 
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Flicker  displays  could  also  be  used  in  this  manner;  however, 
they  may suffer  from  the  same  limitations  as  found  with  streaming 
light  displays  (Chorley, 1961), i.e.,  they may  distract  and 
annoy  the  operator  even  though  they  can  provide  useful  control 
information.  Displays  incorporating  changes  in  brightness or 
size  could  not  be  effectively  used to provide  quickened  informa- 
tion. In addition,  display  concepts  utilizing  other  than 
motion  as  the  predominant  stimulus  dimension  must  also  depend 
on their  location  in  the  operator's  visual  field  for  directional 
cues  which  require  an  undesirable  multi-display  configuration  as 
explained  previously.  This  limitation,  of  course.,  does  not 
preclude  the  use  of  flicker,  brightness or other  stimuli  to 
enhance  the  signal  value  of  motion  displays.  For  example, 
brightness  might  be  used  to  present  redundant  information, i.e., 
the  background  brightness  of  the  motion  display  might  increase 
to bring  the  operator's  attention  to  gross  tracking  errors  re- 
quiring  immediate  action. 

Brightness,  flicker or other  stimuli  might  also  be  used  to 
enrich  the  information  content  of  a  motion  display by providing 
supplementary  information  such  as  airspeed,  radar  range  or  rate 
of descent. In this way, information on a  third  tracking  di- 
mension  might be  simultaneously  presented  to  the  operator. 
Enriched  displays may, of  course,  also  be  enhanced.  For  example, 
changes  in  the  rate  of  motion  would  be  utilized  to  present 
pitch  and  roll  information;  gross  errors  would  be  indicated  by 
an increase  in  the  rate  of  display  motion  as  well  as  an  increase 
in the  overall  intensity of the  display  background;  and  devia- 
tions  from  a  present  optimum  airspeed  would  be  presented  by  a 
slow  flicker  meaning ''too slow"  and  a  fast  flicker  meaning  "too 
fast." Here,  the  operator's  task  would  be  to  adjust  his  con- 
trols so that no apparent  motion or flicker  could  be  perceived 
peripherally.  His  attention  would  be  immediately  directed  to 
gross  errors by  an  increase  in  the rate of  motion  as  well  as  an 
increase  in  the  background  brightness or the  display. 

In view  of  the  above  discussion, it appeared  desirable  to 
investigate  the  following  display  concepts  during  the  Phase  11 
experimental  program. 

Para-Visual  Director  (PVD) 

Conventional  PVD's  were  studied  as  supplied by  their  manu- 
facturer  and  in  accordance  with  their  recommendations.  The 
three  displays  were  located  in  the  operator's  visual  field  as 
illustrated  in  Figure 3 .  The  center  display  presented  roll 
information  and  the  two  side  displays  pitch.  The  control-dis- 
play  relationship  was  inside-out;  i.e.,  apparent  movement  to 
the  left on the  center  display  indicated  a  requirement  to  move 
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A Operator's  eyes  fixated 
a t  3 .  66 m 

30" 3 0" 

Displays  located 63. 5 cm from  operator 

F igure  3 .  Location  of P V D ' s  i n  V i s u a l   F i e l d  

t h e   c o n t r o l   t o   t h e   l e f t ;   f o r w a r d  movement on t h e  two s i d e   d i s -  
p l a y s   i n d i c a t e d  a r equ i r emen t   t o   push   t he  s t i c k  forward; move- 
ment  p e r c e i v e d   i n   o p p o s i t e   d i r e c t i o n s ,   o f   c o u r s e ,   r e q u i r e d  
r e v e r s e   c o n t r o l  movements. The r a t e  of mot ion   i nd ica t ed   t he  
amount  of c o r r e c t i o n   r e q u i r e d  t o  n u l l   t h e   d i s p l a y   a n d   t o   a t t a i n  
z e r o   e r r o r .  

P e r i p h e r a l  Command I n d i c a t o r  (PC11  

The P C 1  i s  a s i n g l e   d i s p l a y   c o n t a i n i n g  a moire   pa t te rn   o f  
i n t e r s e c t i n g   l i n e s .  By t r a n s l a t i n g . t h e  two sets of l i n e s   a c r o s s  
t h e   d i s p l a y   s u r f a c e   a t   d i f f e r e n t   r e l a t i v e   s p e e d s ,  it i s  p o s s i b l e  
t o  produce t h e  appearance  of  motion i n  many d i r e c t i o n s ;  i . e . ,  up, 
down, l e f t ,   r i g h t ,  and  any d i r e c t i o n   b e t w e e n   t h e s e   v e c t o r s .  
The P C 1  was used   as  recommended by i t s  manufacturer   and  located 
i n   f r o n t   o f   t h e   o p e r a t o r ,  1 5  d e g r e e s   b e l o w   h i s   l i n e   o f   s i g h t .  

Concept  of  Enrichment 

E n r i c h m e n t   r e f e r s   t o   t h e   a d d i t i o n  of supplementary  t racking 
in fo rma t ion   i n   t he   pe r iphe ry   such  as a i r speed   wh ich   t he   ope ra to r  
would  normally  be  forced t o  ob ta in   f rom  conven t iona l   d i sp l ays  
des igned   for   fovea l   v iewing .   Dur ing   th i s   s tudy ,   a i r speed   in -  
formation w a s  p re sen ted  by f l i cke r ing   t he   background   b r igh tness  
o f   t he  P C 1  a n d   t h e   c e n t r a l  PVD d i s p l a y .  Low a i r s p e e d  was i n d i c a t e d  
by a f l i c k e r  ra te  of 2hz  and  high  airspeed by a ra te  of  4hz. The 
o p e r a t o r ' s   t a s k ,   t h e r e f o r e ,  w a s  t o  c o n t r o l   t h r e e   t r a c k i n g  
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dimensions  simultaneously  (e.g., pitch, roll, and  airspeed) 
using  information  presented  entirely in his  periphery. 

Concept  of  Enhancement 

In contrast  to  enrichment, where additional  stimulus  dimen- 
sions  are  used  to  provide  supplementary  information,  enhance- 
ment  refers  to  the  use of additional  dimensions  (e.g.,  flicker 
or brightness  changes) to provide  redundant  information  in  an 
effort to  improve  the  discriminability  of input  signals.  For 
enhancement  to  be  effective,  the  primary  encoding  technique 
(e.g.,  changes  in  the  rate  of  motion) must  be  less  than  adequate 
for  conveying  the  information  required  by the operator  to  control 
the  vehicle  properly.  Because of the  perceptual  limitations 
of the  periphery,  enhanced  displays  may  be  the  only  type  which 
can  be  used  to  convey  all  the  information  required  by  the  opera- 
tor  for  efficient  control  of  a  vehicle. The effects  of  enhance- 
ment on performance,  therefore, was of primary  interest.  During 
this  study,  PVD  and  PC1  displays  were  enhanced by  increasing 
their  background  brightness  to  bring  the  operator's  attention  to 
gross  errors (>f50%) requiring  immediate  correction. 

METHOD 

Display  concepts  were  tested  and  compared on the  basis  of 
operator  performance  during  a  simulated  aircraft  control  task. 
The  task  involved  the  correction  of  errors in pitch  (x)  and 
roll (y)  by  means  of  compensatory  tracking  using a  pressure 
stick  hand  control.  Under  some conditions,  errors  in  airspeed 
( z )  were  also  presented  to  the  operator  using  flicker  as  the 
encoding  dimension.  Airspeed  was  controlled  with  a  hand  throttle. 
Peripheral  displays  for  presenting  pitch, roll, and  airspeed 
were  located  at  a  distance  of  25  inches  (63.5  cm)  around  the 
operator's  head  in  accordance  with  the  scheme  illustrated  in 
Figure 3. A head  and  chin  rest  was  employed  to  stabilize  the 
displays  in  the  operator's  field  of  view.  A  fixation  point  was 
situated  at  a  distance  of  twelve  feet  (3.66m)  from  the  operator's 
eyes.  Operators  were  instructed  to  fixate  this  point  and  not  to 
"look" at  the  peripheral  displays. 

The  difficulty  level  of  the  control  task  and  performance 
scoring  was  accomplished  by  using a new and  rather  unique  tech- 
nique  developed by  Kelly  (1962).  This  technique  involved  the 
use of  self-adjusting  loops  in  the  control  circuits  of  the 
simulator.  Conventionally,  a  variable  score  is  employed  to 
represent  the  operator's  performance in a task  of  fixed  diffi- 
culty. In this case,  a  score  representing  the  desired  per- 
formance  (error  tolerance)  was  fixed  and  the  difficulty of the 

16 



task  varied  automatically  as  a  function  of  the  operator's 
performance to produce  the  fixed  performance  score.  The  average 
difficulty  of  the  task  achieved  within  a  fixed  time  interval 
of  fifteen  minutes  was  the  performance  index  for  comparing  the 
various  display  concepts. 

A  block  diagram  of  the  simulator  is  shown  in  Figure 4 .  De- 
tailed  circuit  diagrams  are  presented  in  Figures A-l, A - 2 ,  A - 3 ,  
A - 4 ,  A-5  and A-6 of the  Appendix.  Equations of motion  were 
programmed on an  analog  computer  to  provide  second-order  dynamics 
for  the  control  task.  The  second  derivative of the  simulator  out- 
put  was  obtained by  summing  the  outputs  of  the  pressure  stick 
and  a  disturbance  function  generatqr  for  the  pitch  and  roll 
channels  of  the  control  task. 

The  disturbance  function  generators  were  programmed  to 
produce  acceleration  errors  via  an  adaptive  loop  in  each  control 
channel.  Each  generator  consisted  of  three  independent  sine- 
wave  oscillators.  The  frequencies  of  oscillation  (see  Appendix) 
were  selected  to  generate  a  random  waveform  whose  period  was 
long  enough  to  prevent  the  operator  from  memorizing  or  antici- 
pating  the  control  task  inputs.  The  amplitude  of  the  summed 
frequencies  from  the  oscillators  were  controlled by  the  adaptive 
loop. 

The  operator's  task  was  to  null  the  input  errors  using  the 
pressure  stick  control. As the  error  in  either  pitch  or  roll 
was  decreased  and  approached  zero,  the  adaptive  loop  caused  an 
increase  in  the  output of the  disturbance  function  generator 
and  a  greater  error  to  be  displayed  to  the  operator. The 
adaptive  loop  equation  for  all  control  channels  was  of  the  form: 

C = the  percent  of  disturbance,  a  higher  value 
denoting  better  performance 

eL=  the  "error  threshold"  or  error  criterion 
the  task  is  to  meet 

E = the  absolute  error 

K = a  coefficient  governing  the  rate  of  increase 
or decrease  of C 
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Whenever t h e  error was less t h a n   c r i t e r i o n ,   s y s t e m   d i f f i c u l t y  
increased .  When e r r o r  w a s  g r e a t e r   t h a n   c r i t e r i o n ,   h o w e v e r ,  
sys tem  d i f f icu l ty   decreased   and   the   sys tem became easier.  Thus 
the  system w a s  a d j u s t e d   t o   t h e   d i f f i c u l t y   l e v e l   t h a t   p r o d u c e d  
eL u n i t s   o f  error,  ' a n d   o s c i l l a t e d   a r o u n d   t h a t   v a l u e .  The a c t u a l  
equat ion  used w a s :  

15 min. 

C = . 0 1 4  (.33 - 1El )d t  + 0 

0 

" n i t i a l  w a s .  set a t  ze ro  a t  t he   beg inn ing   a t   each  trial; i . e . ,  
t h e  o p e r a t o r   s t a r t e d   w i t h  no d i s tu rbance .  The loop  then  began 
t o  open  and  continued t o  o p e n   u n t i l   t h e   o p e r a t o r   a c h i e v e d  a 
d i f f i cu l ty   l eve l   wh ich   he   cou ld   con t ro l  a t  t h e   p r e s e t  error 
th re sho ld  (eL) .  A low va lue   o f  K w a s  employed i n   t h e   a d a p t i v e  
l o o p   t o   p r e v e n t   t h e   s y s t e m   f r o m   o s c i l l a t i n g   i n  a n  uncon t ro l l ed  
fash ion .  

The system was des igned  so t h a t   l a r g e  errors i n   p i t c h  
( > +  1 0 % )  would a l s o   a f f e c t   a i r s p e e d ;   v i z . ,   a i r p s e e d   i n c r e a s e d  
o r   dec reased  w i t h  excessive  "nose down'' o r  "nose up"  excursions,  
r e spec t ive ly .   Excep t   fo r   t he   i n f luence   o f   p i t ch  on a i r s p e e d ,  
t h e  same adapt ive   loop   technique  was  employed i n   t h e   a i r s p e e d  
channel.  Two compara to r s ,   d r iv ing   r e l ays ,   and   an   i n t ens i ty  
modulator were u s e d   t o   f l i c k e r   t h e   b a c k g r o u n d   b r i g h t n e s s   o f   t h e  
p e r i p h e r a l   d i s p l a y s  when a i r s p e e d  was o u t s i d e  of t o l e r a n c e s  
p r e s e t   a t  +lo%. F l i c k e r  rates were 2hz when a i r s p e e d  was t o o  
low,  and 4hz when it was too   h igh .  A s t e a d y   i n t e n s i t y   i n d i c a t e d  
t h a t   a i r s p e e d  was be ing   ma in ta ined   w i th in   t o l e rances .  

Under o t h e r   c o n d i t i o n s ,  t h e  p e r i p h e r a l   d i s p l a y s  were en- 
hanced by i n c r e a s i n g   t h e i r   b a c k g r o u n d   b r i g h t n e s s   i n   o r d e r   t o  
a l e r t   t h e   o p e r a t o r   o f   e x c e s s i v e   e r r o r s  ( > +  5 0 % )  i n  e i t h e r   p i t c h  
o r   ro l l .   Th i s   shou ld   no t   be   con fused   w i th   en r i chmen t ,   d i s -  
cussed  above,   which  involved  the  presentat ion  of   supplementary 
in fo rma t ion   such   a s   a i rpseed .  A comparator w a s  used t o  o p e r a t e  
a r e l a y  when t h e   p r e s e t   e r r o r   t o l e r a n c e s  w e r e  r e a c h e d   i n   e i t h e r  
t h e   p i t c h   o r   r o l l   c h a n n e l s .  The re lay   caused   the   background 
i n t e n s i t y   t o   i n c r e a s e   t o  a l e v e l   o f  1 . 0  FL. The normal  opera- 
t i n g   i n t e n s i t y  w a s  f i x e d  a t  0 . 2  FL f o r   a l l   d i s p l a y s .  

A mul t i -channel   recorder  w a s  used t o  r e c o r d   t h e   o u t p u t  "C" 
f rom  each  of   the  adapt ive  loops.   This   output  i s  an  index  of   the 
t a s k   d i f f i c u l t y   l e v e l   a c h i e v e d  by t h e   o p e r a t o r   w h i l e   h e   c o n t r o l l e d  
t h e   s i m u l a t o r .  A high score, t h e r e f o r e ,   i n d i c a t e s   t h a t  a l a r g e  
amount  of d i s turbance   could   be   main ta ined   wi th in   the   f ixed   per -  
formance  tolerances.   Display  configurat ions  which  yielded  high 
scores were judged   be t t e r   t han   t hose   wh ich   y i e lded  l o w  scores. 

The p r e s s u r e   s t i c k   h a n d   c o n t r o l  w a s  Model 435DC, manufactured 
by Measurement  Systems,  Inc.  A-diagram  of  the  pressure st ick 



c i r c u i t  i s  c o n t a i n e d   i n   F i g u r e  A-6 of the  Appendix.  The s t i c k  
w a s  s i t u a t e d   d i r e c t l y   i n   f r o n t  of t h e   o p e r a t o r   a n d   o r i e n t e d  
v e r t i c a l l y   f o r   u s e   w i t h   t h e   r i g h t   h a n d .  The con t ro l -d i sp lay  
r e l a t i o n s h i p  w a s  a r r anged   i n   an   " in s ide -ou t "   con f igu ra t ion ;  
t h e   o p e r a t o r  moved t h e   s t i c k   i n   t h e   d i r e c t i o n   o f  movement i n  
o r d e r  t o  n u l l   t h e   e r r o r s   i n   p i t c h   a n d  r o l l .  The t h r o t t l e  con- 
t r o l  was s i t u a t e d   f o r   c o n v e n i e n t   u s e   w i t h   t h e   l e f t   h a n d .   F o r -  
ward movement o f   t h e   t h r o t t l e   i n c r e a s e d   a i r s p e e d .  

The experimental  room was d imly   i l lumina ted  a t  a l e v e l   o f  
0 . 2  FC.  The a rea   sur rounding  t h e  d i s p l a y s  was c o a t e d   w i t h   f l a t  
b l ack   pa in t   wh ich   r e f l ec t ed  an  immeasurable  amount  of l i g h t .  
The background  of   the  displays w a s  s e t  and  maintained a t  0 . 2  FL 
under  normal  (unenhanced  and  unenriched)  conditions.  The 
h e l i c e s   o f   t h e   d i s p l a y s  were e s s e n t i a l l y   o p a q u e  t o  the   eye .  

A t o t a l  o f   s i x   d i s p l a y   c o n d i t i o n s  were p r e s e n t e d   t o   e a c h  
o p e r a t o r   i n  a d i f f e r e n t  random o r d e r .  A ' ' four  dimensional" 
des ign  w a s  employed a s   i l l u s t r a t e d  i n  Table I. The 'IC1' f a c t o r  
w a s  i n c l u d e d   p r i m a r i l y   t o   u n c o v e r   a n y   d i f f e r e n t i a l   e f f e c t s  
on p i t ch   and   ro l l   pe r fo rmance   due   t o  t h e  var ious   d i sp lay   con-  
d i t i o n s .  

A random o r d e r   o f   p r e s e n t a t i o n  was employed i n  o r d e r   t o  
a t t enua te   any   undes i r ab le   e f f ec t s   due   t o   l ea rn ing ,   s equence ,  
or uncon t ro l l ed   va r i a t ions   i n   t he   expe r imen ta l   env i ronmen t  
wh ich   migh t   b i a s   t he   r e su l t s .  Each o p e r a t o r   r e c e i v e d  a t o t a l  
o f   two  hours   o f   p rac t ice   wi th   the   var ious   d i sp lay   conf igura t ions  
p r i o r   t o   h i s   p a r t i c i p a t i o n   i n   t h e   m a i n   e x p e r i m e n t .  Each 
p rac t i ce   s e s s ion   l a s t ed   fo r   app rox ima te ly   twen ty   minu te s .  The 
o p e r a t o r s ,   t h e r e f o r e ,  w e r e  f a m i l i a r   w i t h   t h e   d i s p l a y s  and  used 
t o   t h e   c o n t r o l - d i s p l a y   r e l a t i o n s h i p   b e f o r e   p a r t i c i p a t i n g   i n   t h e  
exper iment .   F ive   minutes   o f   p rac t ice  was a l so   g iven   immedia te ly  
p r i o r   t o   e a c h   e x p e r i m e n t a l   t r i a l .  Tr ia l s  l a s t e d   f o r  a pe r iod  
of 15 minutes.  

S i x   s u b j e c t s  were provided by Dunlap  and  Associates ,   Inc. ,  
t o   s e r v e  as o p e r a t o r s   d u r i n g   t h e   s t u d y .   T h e i r   e y e s i g h t  was 
tes ted  and  determined  normal   using  s tandard tests of cen t ra l  
a n d   p e r i p h e r a l   v i s i o n .   S t a n d a r d   i n s t r u c t i o n s  .were g i v e n   t o   t h e  
o p e r a t o r s .  They con ta ined   an   exp lana t ion   o f   t he   ove ra l l   pu rpose  
of   the   s tudy ,   the   cont ro l   t ask ,   and   the   impor tance   o f   main ta in-  
i n g   t h e   v i s u a l   f i x a t i o n   p o i n t .  The experimenter  monitored t h e  
ope ra to r ' s   eyes   and   no ted   any   i n s t ances   o f   "peek ing"   a t   t he   pe r i -  
p h e r a l   d i s p l a y s .  N o  such   ins tances  were encountered  during 
the   s tudy  . 
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TABLE I 
DESIGN O F  EXPERIMENT 

DISPLAY  CONDITIONS 

A lone 
CB1) 

1 

5 l 3  

8 Sequence of presentat ion 

Alone 
(B1) 

4 

5 

3 

4 

4 

6 

PC1  (A2) 

Enhancemenl 
(BZ) 

a 

3 

6 

2 

E n r i c h m e n t  
(B3 1 

5 



RESULTS AND DISCUSSION 

Control   performance,   recorded  during a t y p i c a l  t r i a l ,  i s  
shown i n   F i g u r e  5. The g r a p h s   i n   t h e   f i g u r e   i n d i c a t e   t h e   p e r c e n t  
o f   d i s tu rbance  ("C"  i n   t h e   a d a p t i v e   l o o p   e q u a t i o n )   t h a t  w a s  
c o n t r o l l e d   w i t h i n   t h e   p r e s e t   e r r o r   t o l e r a n c e s  (eL) for   each  con-  
t r o l  channel of t h e   s i m u l a t o r .   I n   t h i s  t r i a l  ( N o .  3 ) ,  t h e  
o p e r a t o r  ( N o .  4 )  w a s  a b l e   t o   m a i n t a i n   c o n t r o l   u n t i l   t h e   d i s t u r -  
bance  reached a l e v e l   o f  7 0 %  i n  r o l l ,  4 0 %  i n   p i t c h ,   a n d  7 8 %  i n  
airspeed.   These levels  were a t t a i n e d   i n   a p p r o x i m a t e l y   t e n  
minutes:  a t  which t i m e ,  h e   c o u l d   t o l e r a t e  no f u r t h e r   d i s t u r b a n c e  
and s t i l l  m a i n t a i n   c o n t r o l   w i t h i n   s p e c i f i e d  limits. Performance 
recorded  during  the  remaining t r ia l s  t o o k   t h i s  same gene ra l  
form: i . e . ,  a slow rise to   an   a sympto te   a f t e r   app rox ima te ly  t e n  
minutes.  The performance  index,   employed  to   evaluate   the 
va r ious   d i sp l ay   concep t s ,  was t h e   h i g h e s t   l e v e l   o f   d i s t u r b a n c e  
achieved   in   each   cont ro l   channel   dur ing   the  l a s t  f ive   minu te s  
o f   t he  t r i a l .  This level w a s  expressed ,  as in   t he   above   ca se ,  
as a percent   o f  maximum p o s s i b l e   d i s t u r b a n c e  (Gax ) .  O t h e r  per-  
formance  indices ,   of   course,   could  have  been  used; 'however ,  t h i s  
one  appeared t o  be   the   mos t   appropr ia te   for   the   p resent   purpose .  

The p r imary   r e su l t s   o f   t he   s tudy  are  summarized i n  Table 11. 
I n   g e n e r a l ,  a h i g h e r   l e v e l  of mean performance was achieved  with 
t h e  P C 1  t han   w i th   t he  PVD r ega rd le s s   o f  t h e  cont ro l   channel   and  
t h e   d i s p l a y   c o n d i t i o n ;  i . e . ,  e i the r   u sed   a lone ,   enhanced   t o  , 

i m p r o v e   t h e   d i s c r i m i n a b i l i t y   o f   i n p u t   s i g n a l s ,  o r  enr iched  by 
t h e   a d d i t i o n   o f   a i r s p e e d .  An a n a l y s i s   o f   v a r i a n c e  w a s  performed 
t o  de te rmine   i f   t he   d i f f e rence   be tween   d i sp l ays  w a s  r e a l   o r  
more l i k e l y   d u e  t o  chance   f l uc tua t ion   o f   t he   pe r fo rmance   i nd ices .  
The r e s u l t s   o f   t h e   a n a l y s i s  are shown i n   T a b l e  111. Using  an 
F -Tes t ,  t h e   a n a l y s i s   i n d i c a t e d   t h a t   t h e   o b t a i n e d   d i f f e r e n c e  i s  
s i g n i f i c a n t  a t  t he   f i ve   pe rcen t   l eve l   and   canno t   be   r easonab ly  
a t t r i b u t e d   t o   c h a n c e .  A comparison was a l s o  made between  the 
mean per formances   for   the  PVD and P C 1  under   the  "alone"  condi-  
t ion  without   enhancement   or   enr ichment:  i . e . ,  Al B1 ve r sus  A2 BI.  
The d i f f e rence   be tween   t he  two mean performance  measures was 
twelve   po in ts ,  as shown i n   T a b l e  I V ,  f a v o r i n g   t h e  P C I .  The 
S tudent ized  Range Test w a s  employed  and  the  difference  found 
s i g n i f i c a n t   a t   t h e  .01 l e v e l .  Hence it a g a i n   a p p e a r s   t h a t   t h e r e  
was a real  d i f fe rence   be tween  per formance   of   the   opera tors   wi th  
t h e  PVD and P C I .  Based   on   t he   r e su l t s   o f   bo th  t es t s ,  t h e r e f o r e ,  
i t  can  be  concluded,  with some d e g r e e   o f   c e r t i t u d e ,   t h a t   o p e r a -  
t o r s   i n   t h i s   e x p e r i m e n t   a c h i e v e d  a s i g n i f i c a n t l y   h i g h e r   l e v e l  
of  performance  with  the P C 1  t han   w i th   t he  PVD. 

A number o f   poss ib l e   exp lana t ions   can   be   g iven   fo r  t h e  
d i f fe rence   found  be tween  the   two  d i sp lays .  Among t h e s e ,  three 
explana t ions   appear   to   be   p laus ib le ,   any   one  o r  combination  of 
which  could  reasonably  account f o r  t h e   o b s e r v e d   d i f f e r e n c e s .  
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T A B L E  11. AVERAGE  LEVEL OF DISTURBANCE  ACHIEVED  UNDER  ALL  CONDITIONS 

DISPLAY  CONDITIONS 

P a r a - V i s u a l   D i r e c t o r  

A1 

Alone 

R o l l  C 
Y 55 

A i r s p e e d  C 
z 

P i t c h   a n d   R o l l  
C t C  
X 

2 I 51 

Enhanced  

B Z  

55 

N/A 

48 

Enr i ched .  

B3 

4 3  

49  

83 

46 

P e r i p h e r a l   C o m m a n d   I n d i c a t o r  

A2 
~~ 

Alone Enhanced  

B1 I B2 

6 9  66 

I 

63 6 2  

E n r i c h e d  

B3 

4 8  

58 

85 

53 

No te :   F igu res  are the   pe rcen t  of d i s tu rbance   ach ieved   by  all ope ra to r s   combined .  



The f i r s t  and most r easonab le   pe r t a ins   t o   t he   work load   p l aced  
on the   ope ra to r .   Wi th   t he  PVD, p i t c h   s i g n a l s  are presented  on 
t w o  s i d e   d i s p l a y s   a n d  r o l l  s i g n a l s  on a s i n g l e   d i s p l a y   i n   f r o n t  
o f   t he   ope ra to r   and  below h i s   l i n e   o f   s i g h t .  To n u l l   t h e  
errors presented  i n  p i t c h   a n d  r o l l ,  he  had t o  f i r s t   d e t e r m i n e  
a n   a p p r o p r i a t e   d i r e c t i o n   i n   w h i c h   t o  move h i s   c o n t r o l   s t i c k .  
T h i s   o p e r a t i o n ,   o f . c o u r s e ,  i s  pe r fo rmed   ve ry   qu ick ly   and   sk i l l -  
f u l l y   a f t e r  some p r a c t i c e .   N e v e r t h e l e s s ,   t h e   s e p a r a t i o n   o f   t h e  
two c o n t r o l   d i m e n s i o n s   i n   t h e   v i s u a l   f i e l d   p l a c e d   t h e   t a s k   o f  
i n t e g r a t i n g   t h e  t w o  s i g n a l s   i n t o  a s ing le   and   appropr i a t e   con -  
t r o l  movement on t h e   o p e r a t o r .  I n  t h e  case of   the   PCI ,   the  
i n t e g r a t i o n  is pe r fo rmed   ve ry   s imply   on   t he   d i sp l ay   i t s e l f  so 
t h a t   t h e   o p e r a t o r   n e e d s   o n l y  t o  fo l low  the   p re sen ted  vector wi th  
h i s   c o n t r o l   s t i c k .  N o  t i m e  is  consumed or  informat ion   process ing  
capacity  occupi 'ed by t h e   i n t e g r a t i o n   f u n c t i o n .  

A s econd   exp lana t ion   i nvo lves   t he   concep t   o f   a t t en t ion  
swi tch ing .  As d i scussed   i n   t he   r epor t   on   Phase  I o f   t h i s  re- 
search  program (Vallerie,  1 9 6 7 1 ,  t he re   appea r s  t o  be  good  evi- 
dence t o  i n d i c a t e   t h a t  man canno t   a t t end  t o  more t h a n   o n e   p a r t  

TABLE 111. SUMMARY OF ANALYSIS OF VARIANCE 

T 
ss 

2 1 6 7  
717  

1750 
2110  

175 
3 

1117 
36 

1115 
707 
108 
358 

99 
328 
159 

1 0 , 9 4 9  

" . . -. . . " 

DF 

1 
2 
1 
5 
2 
1 
5 
2 

1 0  
5 
2 

1 0  
5 

1 0  
1 0  - 

7 1  

MS 

2167  
359 

1750 
4 2 2  

88 
3 

223 
18 

1 1 2  
1 4 1  

54 
36 
20 
33 
1 6  

F - R a t i o  

9.72* 
3.21 

1 2 . 4 1 "  

2 . 4 4  
.15 

.55 
- 
- 
- 
3.38 

- - - 

*P = < .05 
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TABLE I V  
DIFFERENCES BETWEEN PAIRS OF MEANS 

DISPLAY CONDITION 

DISPLAY 
CONDITION 

* P = <.05 

+ P = C.05 
* *  P = <.01 

(S tudent ized  Range T e s t )  
(S tudent ized  Range Test) 
( T - T e s t  us ing   pooled   h igh-order   in te rac t ions)  

o f   h i s   v i s u a l   f i e l d   s i m u l t a n e o u s l y ;  i . e . ,  man c a n n o t   a t t e n d   t o  
b o t h   c e n t r a l   a n d   p e r i p h e r a l   s o u r c e s  of informat ion  nor t o  t w o  
p e r i p h e r a l   s o u r c e s   a t  t h e  same ins tance   o f  t i m e .  Some f i n i t e  
t i m e  i s ,  t h e r e f o r e ,   r e q u i r e d   t o   s w i t c h   a t t e n t i o n   f r o m  one source  
t o  a n o t h e r   ( K r i s t o f f e r s o n ,  1 9 6 5 ) .  I f   t h i s  i s  t r u e ,  time 
i n v o l v e d   i n   s w i t c h i n g   a t t e n t i o n  from  one  display t o  another  i n  
t h e   v i s u a l   f i e l d  would l i m i t  t h e   r a t e   w i t h   w h i c h   t h e   o p e r a t o r  
could  process   information.  Such might be t h e  case wi th   t he  PVD. 
S ince   t he  P C 1  i s  a s i n g l e   d i s p l a y ,   t h i s   l i m i t a t i o n  on  perfor-  
mance  would not   apply.  

The t h i r d   e x p l a n a t i o n   c o n c e r n s   t h e   p e r c e p t u a l   l i m i t a t i o n s  of 
the   per iphery .   Discr iminabi l i ty   o f   mos t   s t imulus   d imens ions ,  
i n c l u d i n g   m o t i o n ,   d e t e r i o r a t e  as the   d i s t ance   f rom  the   fovea  
i n c r e a s e s   i n t o   t h e   p e r i p h e r y .   I n   t h e  case of t h e  PVD, p i t c h  
informat ion  was presented  on two d i s p l a y s ,   l o c a t e d   o n   e i t h e r  
side of t h e   o p e r a t o r   a t   a n   e c c e n t r i c i t y   a n g l e   o f  30 degrees .  
With t h e  P C I ,  p i t c h   i n f o r m a t i o n  was p r e s e n t e d   i n   c o n j u n c t i o n  
wi th  r o l l  in format ion  on a s i n g l e   d i s p l a y   s i t u a t e d   a t   a n   e c c e n -  
t r i c i t y   a n g l e   o f   1 5   d e g r e e s   b e l o w   t h e   o p e r a t o r s '  l i n e  o f   s i g h t .  
S i n c e  p i t ch   i n fo rma t ion  was s i t u a t e d  a t  a g r e a t e r   e c c e n t r i c i t y  
a n g l e ,   i n   t h e  case of t h e  PVD, t h e   d i s c r i m i n a k i l i t y   o f   p i t c h  

26 



signals  would  be  expected  to  be  worse  as  compared  with  the  PCI. 
If  this  interpretation  is  correct,  pitch  performance  should  have 
been  worse  than  roll in the  case  of  the PVD but  comparable to 
roll  with  the PCI. However,  this  was  not  the  case  since  pitch 
was  worse  than  roll  for  both  displays and  almost  equally so 
under  all  experimental  conditions  as  shown  in  Table  11. 

The  results  of  the  analysis  of  variance  in  Table  I11  also 
indicated  that  the  mean  difference  between  pitch  and  roll w a s  
significant  and,  most probab.ly, not due  to  chance  fluctua- 
tion  of  the  performance  scores.  The  possibility  that  this 
difference  could  be  due  to  a  bias  in  one  of  the  channels  of  the 
simulator  has  been  ruled out after  careful  re-examination  of 
simulator  circuits  and  settings. It appears  appropriate  to 
conclude,  therefore,  that  the  operators  found it more  difficult 
to  control  pitch  than  to  control  roll  under  all  experimental 
conditions  regardless  of  which  display  was  being  utilized  at 
the  time. 

The  mean  scores  in  Table I1 also  indicate  a  degradation  in 
performance  with  the  addition  of  airspeed  signals  which  were 
encoded  in  the  form  of  flickering  background  illumination on the 
PC1 and  the  central  PVD.  This  effect,  evidenced by  the  enriched 
condition  shown  in  the  table,  appears  to  apply  to  both  the  PVD 
and PC1  display  systems. A Studentized  Range  Test  was  employed 
to  test  the  differences  between  individual  pairs  of  means. 
Specifically,  mean  performance  obtained  during  condition A 
(PVD  used  alone)  was  compared  with A B 3  (PVD  enriched  wit k B1 alr- 
speed)  and .A2 B1  (PC1  used  alone)  wikh A 2  B3 (PC1  enriched  with 
airspeed).  The  results  of  this  test  are  summarized  in  Table  IV. 
For  the PCI, there  was  a  reduction  of  ten  points  when  airspeed 
signals  were  added  to  the  display.  This  reduction  in  perfor- 
mance  could  not  be  reasonably  attributed  to  chance. Therefore, 
the  difference  is  considered  real  and  significant.  The  reduc- 
tion  of  five  points  in  the  case  of  the P V D ,  however, did  not 
quite  reach  the 5% level, the a  priori  level  selected  for  use 
in  this  test.  Consequently,  the  difference  could  quite  possibly 
be  due to  chance  fluctuation  of  the  obtained  scores  even  though 
it  is  in  the  correct  direction  from  a  theoretical  viewpoint. 
The  less  conservative  T-Test  using  the  pooled  higher  order 
interactions  from  the  analysis  of  variance  as  the  error  term 
did, however,  indicate  that  this  difference  was  significant 
at  the 5%  level.  Based  on  these tests,  therefore, it can  be 
concluded  with  some  degree  of  certitude  that  the  addition  of 
airspeed  signals  did  degrade  performance  with  both  displays. 
This  conclusion  conforms  with  other  research  (Miller, 1956; 
Quastler,  1956;  Broadbent,  1957;  Welford, 1959, 1960; Fitts,1964) 
which  provide  corroborative  evidence  that  man  possesses  a  lim- 
ited  capacity  for  processing  information. 

In  this  study,  the  operators  did  indeed  control  airspeed 
quite  well  but  only  at  the  expense of performance  in  pitch  and 
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r o l l .  This   f inding  would  appear  t o  p rov ide   fu r the r   ev idence  
f o r   t h e   h y p o t h e s i s   c o n c e r n i n g   l i m i t e d   c h a n n e l   c a p a c i t y .   S i n c e  
the   adap t ive   l oop   t echn ique  was employed,   operators  were n o t  
r equ i r ed  t o  c o n t r o l   t h e   s i m u l a t e d   v e h i c l e  a t  p r e s e t  levels of 
d i f f i c u l t y ,  which may have  been set f a r  below t h e i r  maximum 
c a p a c i t y   f o r   i n f o r m a t i o n   p r o c e s s i n g .   I n s t e a d ,   t h e   d i f f i c u l t y  
level was allowed t o  vary  as a f u n c t i o n   o f   t h e   o p e r a t o r s '   p e r -  
formance;   the  operators   a lways  a t tempting t o  ach ieve   t he   h ighes t  
p o s s i b l e  score compa t ib l e   w i th   t he i r  own i n d i v i d u a l   c r i t e r i o n  
level.  O p e r a t o r s   i n   t h i s   s t u d y  were highly  motivated  and  con- 
s c i e n t i o u s l y   s t r i v e d  t o  achieve  a high score. For t h i s   r e a s o n ,  
it c a n   b e   s t a t e d   t h a t   t h e y  were per forming   very   c lose  t o  t h e i r  
own capac i ty   fo r   i n fo rma t ion   p rocess ing .  The a d d i t i o n   o f   a i r -  
speed ,   t he re fo re ,  would  be  expected t o  add t o  their  a l r eady  
h igh   workload   and   in te r fe re   wi th   those   t asks   involv ing   the  
c o n t r o l   o f   p i t c h   a n d   r o l l  as evidenced by the i r   per formance  
sco res .  

I n   c o n t r a s t   t o   e n r i c h m e n t ,   w h e r e   a n   a d d i t i o n a l   s t i m u l u s  
dimension  (changes i n   t h e  ra te  o f   f l i c k e r )  was used   t o   p rov ide  
a i r speed   i n fo rma t ion ,   enhancemen t   r e f e r s   t o   t he   u se   o f   an   add i -  
t i ona l   s t imu lus   t o   p rov ide   r edundan t   i n fo rma t ion  i n  a n   e f f o r t  
t o  i m p r o v e   t h e   d i s c r i m i n a b i l i t y   o f   i n p u t   s i g n a l s .  A s  shown 
i n  Table 11, pe r fo rmance   w i th   ne i the r   t he  PVD n o r   t h e  PC1 were 
improved by enhancing  them  with  changes i n   b r i g h t n e s s  i n  an 
a t tempt  t o  b r i n g   t h e   o p e r a t o r s '   a t t e n t i o n   t o   g r o s s   e r r o r s  
( >  k 5 0 % ) .  I n   f a c t ,   t h e r e  w a s  a v e r y   s l i g h t   b u t   i n s i g n i f i c a n t  
decrease  i n  performance  under  conditions  of  enhancement.  A s  
po in t ed   ou t   i n   t he   r epor t   on   Phase  I of   th i s   research   program 
(Vallerie, 1 9 6 7 ) ,  f o r  enhancement t o   b e   e f f e c t i v e ,   t h e   p r i m a r y  
encoding   technique   (changes   in   the  ra te  of  motion)  must  be less 
than   adequate   for   conveying   the   in format ion   requi red  by t h e  
ope ra to r   t o   con t ro l   t he   veh ic l e .   Based   on   t he   pe r fo rmance  
s c o r e s ,  it would  appear  that   motion w a s  a b l e   t o  convey a l l   t h e  
i n f o r m a t i o n   t h e   o p e r a t o r s   c o u l d   e f f e c t i v e l y   u t i l i z e   a n d   t h a t  
enhancement  merely  provided  redundant  information  which  did  not 
improve t h e   o p e r a t o r s '   a b i l i t y   t o   d i s c r i m i n a t e   i n p u t   s i g n a l s .  

I t  should a l so  b e   p o i n t e d   o u t   t h a t ,   b e c a u s e   o f   t h e   n a t u r e  
o f   t h e   s i m u l a t o r   u s e d   a n d   t h e   p r e s e t   e r r o r   t o l e r a n c e s ,   g r o s s  
e r r o r s  ( > k 5 0 % )  d i d  n o t  o c c u r   v e r y   f r e q u e n t l y   u n t i l   t h e   l o o p  
had  ''opened  up''  and t h e   o p e r a t o r  was beg inn ing   t o   ' ' l eve l   o f f  'I 

due t o  t h e   d i f f i c u l t y   h e  w a s  hav ing   i n   ma in ta in ing   con t ro l   w i th -  
i n   t h e   p r e s e t  error t o l e r a n c e s .  Only a t  t h i s  l e v e l   d i d   e r r o r s  
f requent ly   exceed  50% and  enhancement come i n t o   f u l l   p l a y .  
E v i d e n t l y ,   t h e   o p e r a t o r s  were f u l l y   a w a r e   o f   t h e s e   e r r o r s   u s i n g  
motion  cues  alone  and  they  could  do l i t t l e  t o   c o r r e c t  them when 
emphasized  through  enhancement.   This  lends  further  support  t o  
the   hypo thes i s   t ha t   mo t ion  i s  a v e r y   e f f e c t i v e   s t i m u l u s  dimen- 
s i o n   f o r   e n c o d i n g   d i s p l a y s   f o r   p e r i p h e r a l   v i e w i n g .  
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The f i n a l   a n a l y s i s   o f   t h e   r e s u l t s   c o n c e r n s   t h o s e   d i f f e r e n c e s  
a s s o c i a t e d   w i t h   t h e   o p e r a t o r s  who p a r t i c i p a t e d   i n   t h e   s t u d y .  
The experimental   design  employed  did  not   permit  a l e g i t i m a t e  
test  of   the   d i f fe rences   be tween  the   per formance  of o p e r a t o r s .  
S i n c e   t h e s e   d i f f e r e n c e s   a l w a y s   e x i s t   i n   t h i s   t y p e   o f   r e s e a r c h ,  
it w a s  no t   cons idered   impor tan t  t o  i n c l u d e   t h i s  factor  as a 
ma jo r   va r i ab le   excep t  as a peans   fo r   improv ing   t he   e f f i c i ency  
o f   t he   s tudy .  However, as s e e n   i n   T a b l e  111, which  summarizes 
t h e   r e s u l t s   o f   t h e   v a r i a n c e ,   a n a l y s i s , ,   t h e   v a r i a n c e   e s t i m a t e  ( M S )  
f o r   s u b j e c t s   i n d i c a t e s  a l a rge   d i f f e rence   be tween   ope ra to r s .  
The va r i ance  estimates f o r ,   t h e  two-way i n t e r a c t i o n s   i n v o l v i n g  
s u b j e c t s  also i n d i c a t e   t h a t   ' t h e   v a r i o u s   d i s p l a y   c o n d i t i o n s  
a f f e c t e d   t h e   o p e r a t o r s   i n   d i f f e r e n t  ways which is  i n   a c c o r d   w i t h  
expec ta t ion .  More i n t e r e s t i n g   a n d  littie expected are some 
o f   t he  comments made by t h e   o p e r a t o r s   d u r i n g   t h e   s t u d y .  Most 
operators ,   for   example,   found it d 3 f f i c u l t   t o   l e a r n   t h e  correct 
d i s p l a y - c o n t r o l   r e l a t i o n s h i p   i n   t h e   p i t c h   d i m e n s i o n   w i t h   t h e  P C I ,  
even  though it w a s  set up e x a c t l y   t h e , s a m e  way as t h e  PVD; i . e . ,  
i n s i d e   o u t .   I n   c o n t r a s t ,   t h e  PVD w a s  s a i d  t o  b e   q u i t e   n a t u r a l  
and t h e   c o n t r o l   v e c t o r s   i n   b o t h   c o n t r o l   d i m e n s i o n s  w e r e  qu ick ly  
learned  and  easy t o  fo l low  wi th  t h e  c o n t r o l   s t i c k .  A t  f i r s t ,  
m o s t   o p e r a t o r s   s t a t e d  a p r e f e r e n c e   f o r   t h e  PVD, b u t   a f t e r  
approximate ly   an   hour ' s   p rac t ice ,   the  P C 1  w a s  cons idered  more 
d e s i r a b l e  by a l l  of  them.  Operators were always  given  knowledge- 
o f   t h e i r   r e s u l t s   a n d  it i s  p o s s i b l e   t h a t   t h e i r   b e t t e r   p e r f o r m a n c e  
wi th   t he  P C 1  a f t e r   p r a c t i c e   c o u l d   h a v e   i n f l u e n c e d   t h e i r  s ta te-  
ments. 

Dur ing   p rac t i ce ,  a f ew  o f   t he   ope ra to r s   pu rpose ly   t r i ed  
l o o k i n g   d i r e c t l y   a t   t h e  P C 1  w i t h   t h e i r   c e n t r a l   v i s i o n .  They 
found  tha t   they   exper ienced  many con t ro l -d i sp lay   r eve r sa l s   and  
c o u l d   n o t   c o n t r o l   p i t c h   a s  w e l l  as when t h e   d i s p l a y  was kep t  
e n t i r e l y   i n   t h e   p e r i p h e r y .   T h i s  was n o t   t r u e   o f   t h e  PVD. 

Other  comments, made by t h e   o p e r a t o r s ,  were concerned  with 
t h e   i n t e r f e r e n c e   o f   f l i c k e r   w i t h   t h e   p e r c e p t i o n   o f   m o t i o n   u n d e r  
the   en r i ched   cond i t ions   i nvo lv ing   t he   con t ro l   o f   a i r speed .  The 
f a s t   f l i c k e r   ( 4 h z )   w h i c h   i n d i c a t e d   e x c e s s i v e l y   h i g h   a i r s p e e d  
w a s  r epor t ed  t o  c a u s e   i n t e r f e r e n c e .  I t  is  p o s s i b l e   t h a t   t h i s  
phenomenon cou ld   exp la in   t he   deg rada t ion  i n  p i t ch   and  r o l l  
performance when a i r s p e e d   s i g n a l s  were i n c o r p o r a t e d   i n   t h e  
d i s p l a y s .   S i n c e   a i r s p e e d   s i g n a l s  w e r e  p resented   on ly   on   the  
c e n t r a l  PVD, and   no t   on   the   two  s ide  P V D ' s ,  o n l y   r o l l   p e r f o r -  
mance should  have  been  affected by such   i n t e r f e rence .  However, 
as explained  above,   both  pi tch  and r o l l  performance were af f .ec t -  
e d   t o  a s i g n i f i c a n t   d e g r e e ;  a s l i g h t l y   g r e a t e r   e f f e c t   f o r  r o l l  
t h a n   f o r   p i t c h ;   v i z . ,  a r e d u c t i o n   o f   s i x   p o i n t s   v e r s u s   f o u r  
po in t s .   Th i s   d i f f e rence ,   t hough  small a n d   i n s i g n i f i c a n t ,   d o e s  
y i e l d  some c r e d a n c e   t o   t h e   o p e r a t o r s '   s t a t e m e n t s   i n v o l v i n g   p e r -  
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c e p t u a l   i n t e r f e r e n c e .   S i n c e   t h e  PC1 w a s  a s i n g l e   d i s p l a y ,   s u c h  
in te r fe rence   would   be   expec ted  t o  reduce  performance  equal ly .  
B u t  a g a i n ,   t h e r e  w a s  a 
p i t c h ;   t h e   d i f f e r e n c e s  
same magnitude as wi th  
it seems reasonable  t o  
d i d   n o t   a f f e c t   c o n t r o l  
fash ion .  

s l i g h t l y   g r e a t e r   e f f e c t   o n  r o l l  than  on 
between  the t w o  channels   be ing   of   the  
t h e  PVD. In   v i ew  o f   t hese   cons ide ra t ions ,  
s tate t h a t   t h e   r e p o r t e d   i n t e r f e r e n c e s  
performance i n  a l o g i c a l  o r  d e t e c t a b l e  

SUMMARY AND CONCLUSIONS 

During  Phase I o f   t h i s   r e sea rch   p rog ram,  a l abora to ry   s tudy  
w a s  conducted t o  d e t e r m i n e   t h e   e f f e c t i v e n e s s   o f   p e r i p h e r a l   v i s i o n  
d i s p l a y s   f o r   p r e s e n t i n g   d y n a m i c   i n f o r m a t i o n   f o r   u s e   i n   d i f f i c u l t  
c o n t r o l   t a s k s .  It w a s  found   t ha t   con t ro l   pe r fo rmance   de t e r io r -  
ates as v i sua l   swi t ch ing   be tween   conven t iona l   d i sp l ays ,   des igned  
for  c e n t r a l   v i s i o n ,   i n c r e a s e s   a n d   t h a t   p e r i p h e r a l   d i s p l a y s   c a n  
b e   s u c c e s s f u l l y   u t i l i z e d  t o  overcome t h e s e   a d v e r s e   e f f e c t s .  
Visua l   swi tch ing  w a s  de f ined   a s   i nc lud ing   eye  movement, accom- 
modation,  and  convergence. 

Hav ing   demons t r a t ed   t he   u t i l i t y   o f   pe r iphe ra l   d i sp l ays ,   t he  
object ive  of   this   second  phase  of   the  program w a s  t o  develop  and 
evaluate a number of   display  concepts   which  appeared  promising 
i n  view o f   t he  known c a p a c i t i e s   o f   p e r i p h e r a l   v i s i o n ,   t h e   s t a t e -  
o f - t h e - a r t   i n   d i s p l a y   t e c h n i q u e s ,   a n d   t h e   c o n s t r a i n t s   o f  t he  
operat ional   environment .   Concepts   not   readi ly   implemented  in  
ae rospacec ra f t   cockp i t s  were n o t   g i v e n   c o n s i d e r a t i o n ,   r a t h e r  
concepts  already  developed  and deemed o p e r a t i o n a l l y   f e a s i b l e  
were s e l e c t e d   f o r   f u r t h e r   i n v e s t i g a t i o n .  Among t h e s e  were t h e  
Para-Visua l   Di rec tor  (PVD) and t h e   P e r i p h e r a l  Command I n d i c a t o r  
( P C I )  which   a re   the   on ly  two pe r iphe ra l   d i sp l ay   sys t ems   p re sen t -  
l y   i n   o p e r a t i o n a l   u s e  and  commercial ly   avai lable .   Other   concepts  
f o r   d i s p l a y   i n v o l v e d   t h e   u s e   o f   f l i c k e r   t o   e n c o d e   a i r s p e e d  
s i g n a l s  and d i f f e r e n t i a l   b r i g h t n e s s  t o  improve  the  discr imina-  
b i l i t y  of   input   s igna ls .   These   concepts  were sub jec t ed  t o  
eva lua t ion   du r ing  a labora tory   s tudy   under   cont ro l led   exper iment -  
a l   c o n d i t i o n s .  The r e l a t i v e  merits of   the   var ious   concepts  
were inves t iga ted   us ing   an   adapt ive   loop   s imula tor   which   pre-  
sented  dynamic  teaching  information  and  measured  operator   per-  
formance i n   t h r e e   c o n t r o l   d i m e n s i o n s ;   v i z . ,   p i t c h ,  r o l l  and a i r -  
speed. 

R e s u l t s   o f   t h i s   s t u d y   c l e a r l y   i n d i c a t e   t h a t   t h e   o p e r a t o r s  
achieved a s ign i f i can t ly   h ighe r   l eve l   o f   pe r fo rmance   w i th   t he  
P C 1  than   wi th   the  PVD. The P C I ,  e v i d e n t l y ,  demands less work 
o f   t he   ope ra to r  since t h e   i n t e g r a t i o n   o f   t h e   p i t c h   a n d  r o l l  
dimensions i s  p e r f o r m e d   o n   t h e   d i s p l a y   i t s e l f   r a t h e r   t h a n  re- 
q u i r i n g   t h e   o p e r a t o r  t o  perform t h i s   o p e r a t i o n  as i s  the   ca se  
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with  the PVD. It was also  found  that  performance in pitch was 
worse  than  roll  regardless of the  display.being  utilized  at  the 
time.  This  suggests  that  special  consideration  should  be  given 
to  the  pitch  dimension  in  the  design of peripheral  displays. 

The  results of the  study  also  indicated  that  the  addition 
of  airspeed  degraded  performance in both  pitch  and  roll  to a 
comparable  extent.  This  conclusion  provides  corroborative 
evidence  that  man  possesses  a  limited  capacity  for  processing 
information in control  tasks  such  as  the one employed  in  this 
study.  The  control  of  airspeed,  apparently,  added  an  additional 
task  to  an  already  high  workload  involving  the  control  of 
pitch  and  roll. 

Performance  could  not  be  improved by  enhancing  the  peri- 
pheral  displays  with  differential  brightness  in  an  effort  to 
bring  the  operators'  attention  to  gross  errors  in  pitch  and 
roll. It appeared,  therefore,  that  motion,  the  primary  encoding 
stimulus,  was  able  to  convey  all  the  information  the  operators 
could  effectively  utilize  in  this  task  and  that  enhancement 
merely  provided  redundant  information  which  did  not  improve  their 
ability  to  discriminate  input  signals.  This  lends  further 
support to the  hypothesis  that  motion  is  a  very  effective  stim- 
ulus  dimension  for  encoding  peripheral  vision  displays. 

The  operators  who  participated  in  the  study  reported  that 
the PVD was  "natural,"  quickly  learned,  and  easy  to  follow  with 
the  control  stick.  At first, most  operators  preferred  the PVD 
display  system,  but  after  practice,  considered  the  PC1  more 
desirable.  Some  control-display  reversals  were  experienced  with 
the PCI, especially in the  pitch  dimension,  when it was  not  kept 
in  the  periphery  but  was  viewed  with  central  vision.  This 
suggests  that  the  control-display  relationship  for  any  peri- 
pheral  display  should  be  chosen  with  care  if  such  reversals  are 
to  be  minimized  in  the  operational  environment.  Such  reversals 
could  be a  serious  safety  hazard  under  many  circumstances. 

In  conclusion,  it  should  be  pointed out that  the  adaptive 
loop  method has  proved  to  be  a  very  sensitive  and  appropriate 
technique  for  evaluating  displays.  Operators  were  found  to 
learn  very  quickly  as  compared  with  conventional  methods  involv- 
ing  the  use  of  present  difficulty  levels.  Time  consumed  in 
collecting  sufficient  data  to  evaluate  the  displays  and  time 
involved  in  running  subjects  was  far  less  than  usual  in  studies 
of  this  type.  These  results  would  suggest  the  adaptive  loop 
techniques  to  be  a  significant  tool  for  the  evaluation of dis- 
plays  and  controls  of  all  types. 
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